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PREFACE. 


Ik tlie compilation of this Manmil of Hotauy, tlio object has been 
to give a comprehensive, and, at the ame rime, condensed view of 
all departments of the science. Attention is directed, first, to the 
Elementary structure of plants, and the functions of the simplest 
tissues, and then tc» the Compound organs, and the functions which 
they perfonn. Tn the consideration of these subjects, the works of 
Jussieu and ITeufrey have served as a model. The application of 
Physiology to Agriculture, botli as regards the cultivation ol' plants 
and their diseases, is brouglit under notice; the works of 1-iebig, 
Milkier, and Johnston having been consulted. In the important 
subject of Classification, much aid has been derived from the standard 
work of Lindley. The system adopted is that of De Candolle, but 
in the tuTangement and definition of the uatiual orders, Walker 
Arnott has been chiefly followed. Many important liints have been 
derived from Henslow’s excellent Syllabus, as well as from the sys- 
tematic work of Endlicher. •In detailing the properties of plants, 
care has been taken to notice all those which arc important in a 
medical and economical point of view — Christison, Royle, Biumett. 
and Lindley, supplying valuable data. In the chapter on the Geo- 
graphical distribution of plants, a very general view is given of the 
principal facts brought forward by Meyen, Schouw, Humboldt, Berg- 
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haus, Watson, and Forbes^ and in Fossil Botany, the labours of 
Brongniart, Ansted, and Hooker have been made available. The 
Publishers placed at the Author’s disposal, the wood-cuts of Jussieu’s 
Cours Elementaire, and some fipom Beudant’s Geology , and, in addi- 
1a;^,^;to these, there are others taken from Haspail, St. Hilaire, 
Sdnikden, Xmiei, and Maout. By combining together in the Manual, 
information which the student has to acquire by the consultation of 
several volumes, it is hoped that the work may be a useful text-book. 



INTBODUCTORT BEMAEIS. 


It h8s too often been supposed that die principal object of Botanj is to give 
names to the vegetable productions of the globe, and to arrange them in sudi a 
way that these names may be eaaly found out. This is a most erroneous new 
of the science, and one which was periiaps fostered by some of the advocates ai 
the Linnsan system. The number of species collected by a botanist is not con- 
sidered now-a-days as a measure of his acquirements, and names and dassifica- 
tions are only the mechanism by means which the true principles of the science 
are elicited. The views in regard to a natural system {uoposed by Bay and 
Jnsrien did mnch to cmandpate botany from the trammds of artificial methods, 
and to place it in its pr(^ tank as a science. Thdr labours have been ably 
carried out by De Candolle, Brown, Endlicher, Lmdley, Hooker, Ainott, and 
many others. The relative importance of the different organs of plants, their 
structure, development, and metamorphoses, arc now studied upon philosophical 
principles. The researches of Gaudichand, SGrbel, and others, as to the struc- 
ture- and formation of wood; the observations of Sdileiden and Mohl on cell 
development; the investigations of Brown, Schleiden, Fritzsche, Amici, Meyen, 
Griffith, and others, into the functions of the pollen, the development of the ovule, 
and the formation of the embryo; the experiments of Schultz, Decmsne, and 
Thnret, on the movements observed in the cdls, vessels, and spores of plants, 
and various other pbysiologioal inquiries, have promoted mnch our knowledge 
of the alliances and affinities of pl^ts. Thus the labours of vegetable anatomists 
and physiolo^sts all tend to give correct views of the rdation which plants bear 
to each other, and of the great plan on which they were formed the All-wise 
Creator. 

The Botanist, in acoomplishing the ends he has in view, takes an enlarged 
and oomprehenrive view of the vegetation with which the earth is dothed. He 
considers the varied aspects under which plants appear in the diflbent quarters 
of the globe, fiorn the lichen on the Alpine summits, or on the Coral reef, to 
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tkd ttvi^feslao Paiiii% tbe Baimw and Baobabs of tropical dimes-^f^m the 
? g > faile aqiiBticB of our no0iem .pools to Uie gigantic Victoria of the South 
J^BEiioncan iraleis^lrom the parasitic togas, only visible by the aid of the 
;|^creBoope, to tiie enormous poiarite discovered by Raffles in the Indian Archi- 
ij^lago. 

^ ' It is mteresting to trace the relation which all these plants bear to each other, 
in which they are adapted to different climates and situations, 
tbb lichens aim propagated by spores (seeds) so minute as to appear like thin 
dust, and so easOy carried by the wind that we can scarcely conceive any place 
which they cannot reach. They are the first occupants of the sterile rock and 
the coral-formed island — ^being fitted to derive the greater part of their nourish- 
ment firom the atmosphere and the moisture suspended in it. By degrees they 
act on the rocks to which they are attached, and cause their dLsintegration. By 
their decay a portion of vegetable mould is formed, and in progress of time a 
sufficient quantity of soil is produced to serve for the germination of the setils of 
higher plants. In this way the coral island is, in the course of years, covered 
with a forest of ooco-nut trees. Thus it is that the most despised weeds lay the 
foundation for the denizens of the wood; and thus, in the progress of time, the 
sterile rock presents all the varieties of meadow, thicket, and forest. 

The Creator has distributed his floral gifts over every part of the globe, from 
the poles to the equator. Every climate has its peculiar vegetation, and the 
surface of the earth may be divided into regions characterized by ccilain pre- 
dominating tribes of plants. The same thing takes place on the lofty mountains 
of warm climates, which may be stud to present an epitome of the horizontal 
distribution of plants. Again, if we descend into the bowels of the eaitli, we 
find there tracj^ of vegetation— a vegetation, however, which flourished at dis- 
tant epochs of the earth’s histoiy, and the traces of which are seen in the coal, 
and in the fossil plants which are met with in different strata. By the labours 
of Brongniart especially, these fossil remmns have been rendered available for 
the purposes of science. Many points have been determined relative to their 
structure, as well as in regard to the climate and soil in which they grew, imd 
mneh aid has been afforded to the Geologist in bis investigations. 

The bearings which Botany has on Zoology are seen when we consider the 
lowest tribe of plants, such as Diatomaceas. {These bear a striking resemblance 
to the lowest animals, and have been figured as such by Ehrenberg and others. 
The observations of Thwaites on Conjugation have confirmed the view of the 
vegetable nature of many of these bodies. There appear, however, to be many 
prodnetions which occtqiy e, sort of intennediatc territoiy between tlic animal 
and vegetable kingdoiUf pid to the time being the Botanist and Zoologist muf(t 
consent to joint occupancy. 

The application of botanical science to Agriculture and Horticulture has of late 
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attracted much atte&ium^ 8Dd tbe chemistiy of plants has been caxcM^ 
by liebig, Miilder^ and Johnston. The oonsiderition of ihepheimsoeaatxm* 
nected with germination, and the nutrition of pAants, has led to important eon-t 
clnsions as to sowing, draining, ploughing, the rotation of crops, the w of 
maiinres. 

The relation which Botany bears to i&ledicine has often been mistiiideistood. 
The medical student is apt to suppose tliat all he is to aoqniie by his botaidcid 
pursuits, is a knowledge of the names and orders of mediebal pUmts. The 
object of the connection between scientific and mere professiontil studies is here 
lost sight of. It ought ever to be borne in mind W the medical man, that the 
use of the ooQateral sciences, as they arc termed, is not only to give him a great 
amount of general informatioir, which will be of value to him in his after career, 
hill to train his mind to that kind of research winch is essential to the student of 
medicine, and to Impart to it a tone and a vigour which will be of the highest 
moment in all his future investigations. Mliat can be more necessary for a 
medical man, than the power of making accurate observations, and of forming 
eoiTcct distinctions and diagnoses? These are the qualities w^hich are brought 
into constant exercise in tlie prosecution of the l)Otanical investigations, to which 
the student ought to turn his attentiou, as preliminary to the study of practical 
medicine. In the prosecution of his pbysblogical researches, It is of the highest 
importimcc that tlie medical m«i should be conversant with the phenomena 
exhibited bj' filants. For no one cim be reckoned a scientific physiologist who 
docs not embrace within the range of his inquiries all classes of animated beings; 
and the more extended his views, the more certain and comprehensive will bo 
Ills generalizations. 

To those who prosecute science for amusement, Botany presents many points 
of interest and attraction. Though relaring to living and organized beings, the 
prosecution of it calls for no painful experiments nor forbidding dissections. It 
adds pleasure to cveiy walk, and atfords an endless source' of gratification, which 
can be rendered available alike in the closet and in the field. The prosecution 
of it combines healthful and spirit-stirring recreation with scientific study ; and 
its votaries are united by associations of no ordinaiy kind. He who has visited 
the Scottish Highlands with a botanical party, knows well the feelings of delight 
connected with such a ramble — ^feq^gs by no means of an evanescent nature, 
but lasting during life, and at once recalled by the sight of the specimens which 
were collected. These apparently insignificant remnants of vegetation recall 
many a tale of adventure, and are associated with the delightful recollection of 
many a friend. It is not indeed a matter of surprise, that those who have lived 
&nd walked for weeks together in a Highland ramble, who have met in sunshine 
^d in tempest, who have climbed together the misty summits, and have slept 
^ the miserable shieling— should have such scenes Indelibly impressed on their 
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^ .33^ is, moreoyer, something peculiarly attractive in the* oaUeoting 
Their oomparative rarity, the localities in whichjiliey grow, 
hues, conspire in shedding aronnd them a halo of 
connected with lowland prodnetious. The alpine 
r its lovely blue corolla on the verge of dissolving snows; the 
) mountain summit, whose tints far excel those of its name- 
_ Woodaia, with its tufted fronds, adorning the clefts of 

ttiiwy' Gentian concealing its eye of blue in the ledges of the steep 



crags; t!m aij^ Astragalos eulivenmg the turf with its purple clusters; the 
Lydmis t^ooting the stony and diy knoll for the evolution of its pink petals ; the 
Sonchus raising its statdy atslk and azure heads in spots which tiy the enthu- 
siasm of the adventurous collector; the pale-ftowercd Oxytropis confining itself 
to a single British cliff; the Azalea forming a carpet of the richest crimson ; the 
Saxifrages, with their white, yellow, and pink blossoms, clothing the sides of 
the streams; the Saussnrea and Erigeron crowning tl)c rocks with their purple 
and pink ci^)itnla; the pendent Cinquefoil blending its yellow flowers with tlie 
white of the alpine Ccrasduma and the bright Hue of the stony Veronica ; the 
BtemlesB SOene giving a pink and velvety covering to the decomposing gronlUr ; 
the yellow Hieracia, whose varied transition fonns have beeu such a fertile cause 
of dispute among botamsts; the slmider and delicate grasses, the oliiekweeds, the 
carices, and the msbes, which spring up on the moist alpine summits'; tlic grace- 
ful ferns, the tiny mosses, with their um-like thecte, the cmstaceoiis diy* lichens, 
with their spore-bearing apotbecia; all these add such a (harm to highland 
botany, as to throw a comparative shade over the vegetation of the plains. 

Many are the important lessons which may be drawn finm tlic study of plants, 
when prosecuted in the true spixit of Wisdom. The volume of Creation is then 
made the handmaid of the volume of Inspiration, and the more that each is 
studied, the more shall we find occasion to observe the harmony that subsists 
between them. It is only Science, falsely so called, which is in any way opposed 
to Scripture. Never, in a single instance, remarks Ganssen, do we find the 
Bible in opposition to the just ideas which Science has given us regarding tlie 
form of our globe, its magnitude, its geology, and the productions wliich cover 
the surface. The invisible things of God from the creation of the world arc 
dearly seen, being understood by the thiqgs that are made, even his eternal 
power and Godhead.” The more minutely we examine the phenomena of the 
material wwld, and the more frilly we compare the facts of Science with Bevealed 
Treth, the more reason sliall we have to exclaim, in adoring wonder, with the 
Tsalmist of old, 0 Lord! how manifold are thy works! in wisdom hast thou 
made them all;* the eartk is full of thy ridies.” 



BOTANY 


PART I. 

M 

VEOETABIE ktlWMt 0BGAN06BAPHT, AND 
PHYSIOIrOGY. 


1. Botany is that braach of whioh eomprebends the know- 

ledge of all that relates to the Vegetable -Kingd^ It embraces a con- 
sideration of the external configuration of |da&ts, their structure, the 
functions wliidi they perform, tlie relations which they bear to each 
other, and the uses to whidi they are subservient. It has been 
divided into the following departments: — 1. Structural Botany j or 
Organography^ which has x^erencc to the tcxfares of which plants are 
composted, and to the forms of their various organs. 2. Physiological 
Botany^ in which plants are considered in their hving or active state, 
and while performing certain vital functions. 3. Systematical Botany^ 
or Taxonomy^ the arrangement and classification of plants. 4. Oeogra- 
phical Botany^ or the dStribution of plants over the globe. And, o. 
jFossil Botany^ or the nature of the plimts found in a fossil state in the 
various geological formations. 


CHAPTEE I. 

ELEMENTABY ORGANS, OK VEGETABLE TISSUES. 

2. In their earliest and simplest state, plants consist of minute vesicles, 
formed by an el^dc transparent tacmbrane, Which is composed of a 
substance called Cellulose. This substance is of general occurrence, 





aad oosuftitates the bads of vegetable tissues. The chemical formula 
T^^^tingitis or2(^^ It is allied 

tol i^cih, becomes yellow on the addition of iodine, and wh^ acted 
apOB by iodine and sulphuric acid assumes a blue colour. Hie mem- 
rormed by it is permeable by fluids, and becomes altered in the 
of gi90?^, so as to acquire various degrees of consistence. In 
^ Bdvsmcra stages of growth^ plants consist of two kinds of tissue, 
)0^ukirmi Fascu2ar, which, under various modiflcations, constitute 
organs. Hiese, by their union, form the Cofnpound 
orgc^ by whi^ the difierent flqictions of plants are carried on. 

3. The elementary organs consist of vesicles and tubes^ varying in 

0 ^ form and size, and united in different wa 3 rs. The vesicles 
L^are cavities surrounded by a membrane, their length not 
1 much exceeding their breadth (fig. 1) ; while the tubes are 
similar cavities more or less elongated (figs. 3, 4). 


SECTION I.— CELLULAR TISSUE. 

L— Form and Abbanoemjezvt or Cau^s. 

4. Cellalar. Tisane is formed by the union of minute vesicles or blad~ 
ders, called ceZZs, cellules^ or vtricles. This tissue is often called Parenchyma 

(wn^dl, beiflde or between, and ^7 thing effused or 

spread out, tissue). The derivation of Parenchyma is, by some 
given flrngal, through, and I infuse. The individual 

cells of which it is composed, when allowed to develop them- 
selves equally in aU parts of their circumference, are usually 
of a more or less rounded form (fig. 5, C, 7) ; but, when 
pressed upon during the progresii of development, they be- 
come more elongated in one direction than in another (fig. 2), 
and often assume angular or polyhedral forms (fig. 8). 

0 

2845 0 ^7 H 

5. The following names have been applied by Morren, and other 
authors, to the tissue made up of variouriy-fonned cells; — 1. Pami- 
ehgmoj a general name for cellular tissue, but often applied to that 
consisting of dodecahedral cells (fig. 8, 12, 13), wliich, when cut in 

* For the meaning of these and other chemical svmhola, see Chap. II. S(>ct. I. Div. 2, on tiie 
Food of Plants. Figs. 1, 5, e, 7, a*— Cells, vesicles, or utricles, separate and combined. 

¥lg, 2.— Fusiform or spindle-shaped cell. Figs. 8, 4.~'Tubes or yesselA 





FOBM AKD AlOUNGBiaDllT OF CELLS. 


one direction, exhibit an hexagonM form (figs. 14, 15), and h&ioe th|$ 
tissue is sometimes called KBaoagoidem^ six-wangled); k is 
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seen in the pith of the Elder, and in joung palm K Spharen 

chyma a sphere), spheroid cells (fig. |!)r^'8. Meimdiym 

(/cfjfivaj to revolve), dlipsoiid cdls (fig. 6), 4. Otteni^yma {u^p^ an eggj 
oval cells. Round, elliptical, and oval ceDsi' are common in herbaceon 
plants. 5. Conemhyrm (jt2»ori ^ cone), conical cells, as hairs. 6. Colunma 
ceUular tissue, divided inti) Cylinc^mchynm (*n;X/»ifOf, a cylinder), cylin 
drical cells, as in Ohara (fig. 17 (i)j BndPrimmchyim (orjiV^#, a prism] 
piismatical cells, seen in the Iwk of some pl^ts (fig. 10), Whei 
compressed, prismatical cells fottn the mwtferm (mtirus^ a wall, lik 
bricks of a building) tissue of the medullary rays of woody stems, an^ 
when much shortened they assume a tabular form, constituting Pinen 
chyma (T/Vatg, a table), tabul^ ceils (fig. 11), or square cells (fig. 9] 
7. Prosenchyma (If 29), or Atractenchyma (^r^xro^, a spindle), fasi 
form or spindle-iiaped cells, seen in baik and wood (fig. 2). S 
Colperichyim (ko^vos, a mnus or fold), sinuous or waved cells, as in th 
cuticle of leaves. 9. Ciadenchyrna («A«Sof, a branch), branched cell« 
^ in some haira 10, Actinenckyma (cIkt/v, a ray), stellate or radiat 
ing cells, as in Juncus and Mmla (fig. 16). 11. Dcedalenchyim 
entangled), entangled cells, as in some FungL 
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6. The size ^ cells varies not less than their figure in difieren 
plants, and in different parts of the same phmt. They are frequently 
seen from to ifj® of an inch in diameter. In cork, which is cellu 
lar, Hooke found more than a thousand in the length of an inchjiK 

7. Each cell consists originally of a separate membrane, but in th 
progress of growth the walls of contiguous cells may become united 
When cells are united by their c^dxemities (fig, 17), their partitions 

FIgB. % 10, 11, 12, ia.->-Flfnirc8 repreaenting tbe fonns of oella. Figa 14, 15.~Hex«gonal cella 
l*ifr la—Branching cells of vicU FAba. 1 1, Inteix'^ulur lucunie. 



FOBlt AK0 ABBANGEia^ OF CELLS. 


are occasioiially absorbed so as to ferm continuous tubes. When 
cells , 4 |jre uxdted^in a rectilinear roanner, those in contiguous rows are 
e^eF.directfy opposite to eadi other, that is, are placed at the same 
he^t (fig. 18), or Me alternate, from being placed at different heights 
! (jSM, '19); cdls sometimes communicate with each other laterally (fig. 
a). Isolated cells, as spores of sea-weeds* occasionally have free 
or (31ia (ciihim, an eyelash), developed on their surface. 



8. The simplest kinds of plants, as mushrooms and sea-weeds, aro 
composed entirely of cellular tissue, and are called Cellulares, The 
pulpy and succulent parts of all plants cont;iin much cellular tissue, 
and the object of horticultural operations is to increase the quantity of 
this tissue in ordinary fimits and vegetables. Ihe pith of trees and 
plants during their early development is cellular; so also are cotton 
and rice-paper. 

. 9. In general, no visible openings c^ be detected in cells, although 
fluids pass readily into and out of them. Hartifig and Mulder, however, 
state, that they have observed perforations in the cells of Hoya camosa, 
Asdepias syriaca, Cycas revoluta, Virginian spiderwort, and Traveller’s 
joy. In one cell (from a EuphorHa), having a transverse diameter of 
0.03777 millimetres,* they coimted 46 mmute lioles. In some mosses, 
also, openings have been found in the cells. 

10. cells are those in which the membrane has been thick- 



ened at certain parts, leaving thin rounded spots, wliich, 
when viewed by temismitted light, appear like perfora- 
tions or pores (figs. 21, 28). The pores of contiguous 
cells usually correspond as, regards position, and some- 
times the membrane becomes absorbed between them, so 
as to allow a direct communication by means of lateral 
canals, as is seen in the cells from the root of the Date 


Figa 17, IS, 19.— Cells united together by their extremitlea. 

Fig. 90.— Elongated thickened cells, firom the'root of the Date yabn. a a, Canals of oommiinl- 
cation. 

Fig. 2L— Porous cell, ftom the Elder (Sambtieus nigrd^. 

Fig. 29.— Articulated Bothrenchyma, or Taphrenchymn, from Hftletoe, having a monOifomi 
appearance. * A millimetre is about l-25th of an English inch. 


FORM AXD ARRANGEMENT OF CELLS. 
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(fig. 20 a a). When porous cells are united end to end, so as to 
form tubes, they have been denominated articulated Boihrenchyrm 
a pit), on account of the pits or depressions in their thickened 
walls (fig. 22). 

11. Fibroas er SpMi calls are those in which ih^ is a spi^ 
elastic fibre coiled up in the inside of the membrane (fig. 23). When 
united, they form Jibro-cellular or Inenchyma {Ing* fibw). These 
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cells generally consist ^of membrane and fibre combined, but the 
former appears to be sometimes absorbed wholly or partially during 
the progress of growth. The membrane, in some instances, is easily dis- 
solved by water, and then the elastic close convolutions of thefibre ^ring 
out with considerable force, as in the outer covering of the se^ of 
Collomia and Salvia. Spiral cells abound in many of the Orchidaceous 
plants, and in the Cactus tribe. They are also found in the inner 
covering of anthers, in the spore-cases of many of the lower tribes of 
plants, and in the coats of the seed of Acanthodium spicatum. The 
spiral filaments sometimes exhibit peculiar movements when placed 
in water. The fibre varies from a^ut 15^5 to of an inch in 

diameter; it is solid, and presents dthef*^ cfrcnil^ an elliptic, or a 
quadrangular section. The coils, of the fibfe sometimes separate from 
each other, and become broken up and united in various ways, so as 
to appear in the form of rings, bars, or dots, thus giving rise to annuiar 
(fig. 24), reticulated (fig. 25), scalarijfbrm and dotted cdls (fig. 26), which 
constitute the spurious or imperfect Inenchyma of authors. 

12. In certain parts of plants cells are placed closely together, and 
compressed so as to touch each other by fiat surfaces, filling up space 
completely, and leaving no intervals; they then form the perfect Pareor 
chyma of Schleiden (figs. 8, 27). In lax tissues, however, die cells retain 
a rounded shape, and then iDuch each other at certain points only, 
leaving intervals of various sizes and shapes, and forming the imperfect 
Pm^enchyma of Schleiden (figs. 7, 28). These intervals, when of moder- 
ate size and continuous, are called mtercelluktt passages or ccmak; when « 

13. A difference of opinion prevails as to the mode in which cells 


large, irregular, ana circumscnoeo, ^ces, or juacunce [pg. 

16 / A. 


Figs. 28, 24, 25.— Spiral, annular, and reticulated ccUa, from Mialetoe (Vifcum tUbum). 
Fig. 2G.— Scalarlform and dotted ceUa, from Elder OSantbucus n^rtc). 
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comons of obixs. 


fro. together. Some maintain that the oell-valla in the yotmg 
.li|ix^ unite together directly, and become i^lutinated, more or less, 


a 
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according to their places of contact. Others, as Mohl and Henfrey, 
hold that there is an intercellular matter which acts as a sort of 
cement, or CoJkmhjrm glutinous matter). In sea-weeds, the 

cells, of which the entire plant is composed, are placed at a distance 
from each other (fig. 29 a a), and the inter\^als are filled up by this 
intercellukr substance (fig. 29 J), which thus forms a hirge part of 
their bulk. In the higher jcl&sses of plants, when the cells touch 
each other, the layer of intercellular matter must be very tliin, except 
in the intercellular canals or spaces. Mirbel looks upon it as the re- 


ba 



mains of the mucilaginous fluid in which the cells were originally deve- 
loped, and which has become thickened to a greater or less degree, as 
in the root of the Date (fig. 30), where aa a indicate the cells, and 
ft 6 & the interposed substance. ^ 

2.— COJTTBNTS OF ^ELLS. 

14. The external membrane of cells is composed of the una^otised 
nibstanw called Cellulose^ and in their interior a mucilaginous matter 
a :pontained, which undergoes changes in the progress of growth. 

* 27.— tianifi, fSrom pith of Elder. 

28L— Porous Herenchvma, firom Houseleek (Sempervivum tectonm). a, Intercellular canal. 
29.-4Cellular tissue of Sea-weed (JJinuMUhalia hrea). ao, Celia 6, Intercellular matter. 
Fig. 80.— Central portion of young root of Date, a a a, Thickened cells, bbb, intprc el lp l ar 



CONTENTS OF CfiU^S. 
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This matter is the Protoplasm first, and fonnative 

matter) of Mohl, the Cyt^lmima («vto;, a cell, and phAomifca, a germ) 
of some authors. It is at first homogeneous, but ulfimately assumes 
a granular form. It contains nitrogen in its composition, or is azotised, 
and it assumes a brownish colour when acted upom by^ iodine. It 
forms a mucilaginous layer on the inner surface of the cell-wall, and 
thus gives rise to the uvtemal utricle of Harting and Mulder, ^ 
ordicU utricle of Mirbel. This inner membrane is visible in the young 
state of the cell, and under the action of tincture of iodine may be 
made to contract and separate fix)m the outer cell-walL It may also 
be rendered distinct by the action of strong hydrochloric acid, and by 
diluted sulphuric acid. When the process of lignification or thicken- 
ing has advanced, this utricle disappears, in consequence of becoming 
incorporated with the cell-wall. 

15. In certain cells the membrane continues throughout to be formed 
of a thin layer of cellulose, while in others it becomes tliickened by the 
deposition of matter on its inner side. Tliese secondary deposits, or in- 
crustations, are sometimes of a gelatinous consistence; at other times they 
are hard. In the latter ca^, the incrusting matter is looked upon as a 
modification of cellulose, and has received the name of lignine (lignum, 
wood), or sclerogen hard, and ysutmup, to generate). On mak- 

ing sections of such cells, in a transverse (fig. 31) or longitudinal di- 
rection (fig. 32), the successive layers may 
be seen either continuous all round, or leav- 
ing parts of the membnme uncovered. Cells 
of this kind are well seen under the micro- 
scope in tliin sections of the hard shell of the 
Coco-nut, or of Attalea fonifera, and of the 
hard seed of the Ivoiy Palm, In all cell- 
deposits there is a tendency to a spiral ar- 
rangement. When tlie deposition is uniform over the whole surface, 
this arrangement may not be detected ; but when interruptions take 
place, then the continued coil becomes evident. In spir.d cells the 
fibre seems to be formed before the fuU development of the cell, the coils 
ojf the fibre being at first in contact, and afierwards 



separated, whereas the secondary thickening layers are * 

deposited after the cell is fully formed, U 

16. Each cell is found to contain, at some period of P //0 V/ &. « 
its existence, a small body, called a nttcleus (fig. 33, n), — r }— r 

in which there are often one or two, rarely more, min- i I ©j 
ute spots, called nucleoli Tlie nucleus is of a round y./ 

or shape, granular and dark, or homogeneous as 

and transparent, bearing some resemblance to a smaller internal cell. 


Fig; 83.— Transverso section of cdls from p^p of Pear. 

Fig. 82.— Longitudinal section of tiie same. Fig; 3a Nucleated cells from tbe Beet 


qOSIQBNM OF C8IX8* 

^ liot, They are eithw ^.Fesiclee and 

Jl^ (^tau^' in die imcleus,. or minute cavities inits substance. 
Jatter view is supported by Batt^, who holds that a peculiar sub- 
Stece, called g^assX is developed there, vdiich, acoord- 

im to him, is the <^gm of the nucleus. The nucleus is situated at 
d^rent parts of tW cell It is either fine in its cavity, or connected 
mth its. l|y mucilaginous threads, or iml>edded in die substance of 
the The addition of acetic add often renders the mideus 

dk^inct. 

17 . atwrdiy aaiiier is found in cells, wHdb constitute the tissue 
called hj. Moiren, Peretu^tyma a sac.) Starch exists in the 

form of granules, which are minute cells, (perhaps nuclei, as Mulder 
states,) in which nutritious matter is stored .up. This matter may be 
deposited in such away as to give the appearance of striae surrounding 
a point or hilum, which is considered as an opening into the cell. 
The grains of starch are well seen in the cells of the potato (iig. 34). 
In wheat (fig. 35), and in maize (ftg. 36), the form of the granules, 



and the successive layers of depodt^ are also seen. The grains in die 
stem of I^uphar luteum show the centripetal formation, that is, the 
increase by layers deposited within each other. Ihe addition of iodine 
causes the grains of starch to^' assume a blue colour, and marks tlie 
difterenoe between them and the walls of the cell containing them. 

18. CrysMtb are found in the interior of cells. They probably 

t owe their origin to the union between the acids pro- 
duced or taken up by plants, as ' oxalic, phosphoric, 
malic and carbonic^ and the alkaline matter, as lime 
and potash, absorbed fton^ the soil and droulating in the 
sap. The cryst^ usu^^l lie loose in the cells (tigs. 37, 
^ 38) ; but, according to liayen, they are sometimes found 
. in a distinct tissue, and suspended irom the wall of a 
large cell (fig. 39)— ftUing what some hay^ supposed to 
be the base of an undfeyefoped hair. Inc crystals are 
87 ^ of difterent sizes and forms. Occasionally, a single large 

crystal nearly fills a cell, but in general' there are numerous crys 7 
tals united together. Sometimes crystals radiate from a common 
point (ftgs. 40, 41), and form a conglomerate mass; at other times they 


riff. 94.— Cell of Potato, containinff striated starch ffraiiua 

Fig. 35.— Oratns of starch of Wheat Fig. Sa^mlns of starch of Maise. 

lilff. 37.— C^olar tiasoe of Arum xEuculatii^ Celia containing chlorophylleu mBaphldlan 





acicular crytstak (acnsj ^ needle)^ was originally gi’^en. It has been 
said that these ciystals exist also in the intercellular s^)aces ; but tins 
seems to depend on the mode in whiA the section of the plant is made, 
for when raphidian cells (hg. 42 r r r r) or^ situated dose to a lacuna, 
the crystals may easily be pushed into it. aoddentally by the knife. 
Raphides consist principally of phosphate and oxalate of Inne. ll^ey 
abound in some plants, especially O^ti^ ^d tliey 
are coihmon in Squill, and in ie officinal Tur- r . ^ 
key Rhubarb, which o^es its grittiness to their 
presence. One hundred grains of rhubarb root c 
contain about 80 or 40 grains of oxalate of Ume 
crystals. Acicular crystds may be easily seen by 
making a section of any Liliaceous plant, as the / 
hyacinth, and spreading t^e thick mucilaginous 
matter of the cells on tlie hdd of the tmero* 
scope. Radiating raphides are seen in the sejkls of Geranium robertia- 
num and lucidum; the crystals, consbting of oxalate of lithe, fill the 
whole of the cells in the middle of the sepal,^ their size Taiying firom 
TisVv to of an inch. Quekett found them in all the sj^des of 
Pel^gonium and Morisonia that he examined, and thinks that they 
are as general as the beautiiul markings in the cutide of the petalam 
these plants. Clustered crystals‘ have been detected in Malvacepus 
plants, and in the sepals of the strawberry; numerous adcular crystals 
hanre been observed , in Fuchsias, and solitary cubical crystals in the 
superfidal cells of the sepak ofJPrunella vulgaris and Diahthus Caiyo- 
j)hyllus. In the outer covering of %he seed of tllmus campestris, the 
smuous boundaries of the' compressed cells are traced out completdy 



^^SSgj^ellB of Aunun maculAtnxiL , Cliuters of xspliidio in aiarge oval cdl sniroiuided bjr 
~ 80.-*CeiUiilar tiasoo, from leaf of Ffeus dastica. c, A largre ceD. r, An a(?glomenition of 


of Beet ivith coiiglomegrate xudia^g crystal a. b, Sepaiateciyirtaleof 


lil 


^.--GoniB^omerate cryotale of oxalate of lime frenn Ithubarb. 

ea-^ellolar tiMne of Coloeaala odora. e CeDi wlUi grains of cfaloxo^yllA r rrr, IU< 
BO cells projecting into a lac^a or intercdlttlarepaoe. 
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of oslls. 


by txmute rectangolar crystals adhering to each other. Unger detected 
oaeakte of lim^ crystala^in Ficus beng^ensis and Calathea zebrina. 

19* ci^iMFttpiiTiie (;^ktteoV* gre^ and a leaf), or the green 

cdbuxiug matter lof pl^ts, floats in the fluid of cells, accompanied by 
atfffiifligrains. It has a granular form (flg. 39 % 42 c), is soluble in alcohol, 
i^[qSNsars to be analogous to wax in its composition, and is dcTeloped 
under tike agency of light. Its granules are usually separate|^but some- 
times unite m masses (fig. 37 c). Other kinds of colounng matter 
are also produced during vegetation, and occur in the form of fluids or 
of granules in the interior of cells. 

^ 20. Oilii and Reslaom maunt are found in the interior of cells, as 

well as in intercellular spaces. The cavities containing th^ are deno- 
minated cysfe, reservoirs of oil, and receptacles of secretions. They are 
easily detected in the zind of the orange and lemon, in the myrtle tribe, 
and in Hypericum. When small portions of the fresh leaf of Schinus 
mollis are thrown on water, the resinous matter, by its rapid escape, 
causes them to move by jerks, and the surface of the fluid is covered 
with the exudation. In the bark of the Fir tribe there are cavities 


with thick walls containing turpentine. In the fruit of Umbelliferaj, 
canals occur called tnttce (yitta, a head-band, from surrounding the 
fruit), containing oiL 

21. AirccJis, or cavities containing air, consist either of circum- 
scribed spaces surround^ by cells (fig. 43), or of lacunjc 
foiimed by the rupture or disappearance of the septa be- 
tween a number of contiguous cells, as in grasses, Equise- 
turn, Umbelliferous plants, and pith of Walnut. T^ey 
are oflien large in aquatic plants, and serve the purpose of 
43 flouting them, as in Pontede^ Aldrovanda, and 

sea-weeds./ 


3.— Development and Functions of Cblt.s. 


22. ThQ subject of CeU-d^elopmmt, or Ciftogemsis (kutos, a cell, and 
yhwsf origin), which has given rise to great diversity of opinion among 
p^siologists, is stUl involved in much obscurity. By some it is 
aflmned that the first appearance of vegetable tissue is in the form of 
a mucilaginous fluid, which, gradually thickening, becomes hollowed 
into a number of small cavities constituting the fliture cells. Bchleiden 
believes that the cell is formed from the nucleus, to which he gave 
the name of Cytoblast (ai/to;, a cell, and fikaeroe, a germ), or ceU-germ, 
from its supposed generative frinction. This cytoblast, according 
to hi^ is the part first formed: It acts by attracting the mucilagi- 
nous l^lRtter in which it lies, and forming around itself a sort of g^- 
tinodfi' covering. There is &us produced round the nucleus a closed 


fy.nppsi in Bonunculiis aquatili& 
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utride, wliich increafies in dze bj tbe asdmiktioti of the fluid in winch 
it is placed. The develo|>ment usually takes place on one side, the new 
cdl appearing in the form ‘of a transparent v^cle rising from the 
surface, and leaving the nudeus attached to the other side of the 
utricle (flg. 33). The c3rto1:>last is thus endosed in the utride, and may 
ultimately disappear by absorption,d^Ting a non-nudeated celL The 
membrane, surrounding the nucleus is converted gradually into cellu- 
lose, and thus the perfect cdl is formed. According to Mohl, the 
nudeus is at first retained in the centre of the cell by means of mucous 
threads, and aflerwards becomes fixed to the sides. Occasionally, the 
nucleus becomes imbedded in a duplication of the cell-walL This 
process of cell-development, according to Ascherson, is similar to what 
takes place when oil is mingled with a mucilaginous or albuminous 
fluid, each minute molecule of oil becoming surroimded by a thin 
film of membrane. In this view the cell is originally of a more or less 
globular form, and all the varieties of shape afterwards seen are due 
to changes in the progress of growth. 

Barry aflirms that a minute pelludd globule (hyalim) is first seen in 
the fonnative matter. This absorbs and assimilates new matter, enlarges 
and becomes granular, thus forming the cytoblast of Schleiden, after it 
has prepared a nucleolus for itself. The outer part of the cytoblast rises 
in the form of a membrane to produce a ceil; another portion of it is 
concerned in the formation of the contents of the cell; and what is left of 
the cytoblast in the ceU-wall becomes the nucleus of the ced This nu- 
ckus (not the cytoblast of Schleiden) remaining on Ihe cell-wall, is not 
absorbed, but becomes the source whence cytoblasts are formed. Thus, 
according to Bariy, the substance of the larger body is not deposited 
around the smaller, but the smaller is transformed into the larger; the 
nucleolus becomes the cytoblast, and the cytoblast becomes a nucleated 
cell. 

As regards the development of cells from nuclei, the present state of 
our knowledge does not warrant ns in stating more than that there is 
a protoplasm, or soft organizable matter, which is contained in cells, Or 
in the spaces between them; that in this matter a nucleus is produced, 
either around previously existing nucleoli, or from the granules of the 
protoplasm; and that the nucleus has the power of developing new 
cells, which become nucleated, 1nm:ease in size, and escape from the 
parent cell, by rupture or absorption. In the production of young 
cells, the nucleus of the parent c^ sometimes divides into two, each 
part having the power of giving rise to a new cell. There is thus a 
ednstant multiplication of cells by an intra-cellular or endogenous 
within, and to generate) process. 

23. It is suppos^ by some that cdls may arise without a nucleus, 
by the simple aggregation of granular matter, which becomes enve- 
loped in a membrane, and thus forms a cell with granular contents. 
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In iNxeSi cdls, a body similar to a nudeus may be afterwards formed, 
axid i^iay assume tbe function 6f tibe cytob^last of Scbleiden, as far as the 
subseqmnt endog^ous development of new cells is concerned. Some 
pbyd^gists maintain that the cytoblast is never concerned in cyto- 
geneiis, but only takes part in the various cliemical and other eh^ges 
^which occur in the contents of the cell during its growth and nutrition. 
Mohl and Henfrey state that new cells are produced by the division of 
the p^ordial utricle (If 14), which gradually folds inwards about 
the middle, forming an annular constriction, and ultimately a complete 
separation of the utride into two parts. Each of these afterwards be- 
comes covered by a permanentlicell-wall. Henfrey has supported tliis 
view by observations made on the hairs of Tradescantia and of Achimenes 
grandmora, in which he has traced the gradual formation of a septum. 

24. Naegdi maintains that new cdls are produced by the division 

of the primordial utricle, or mucilaginous sac, as he calls it, and its 
contents into two or four portions, each of which encloses a free nu- 
cleus. From each olf these portions, a cell, with its outer layer of 
cellulose, originates, while the parent cell becomes dissolved and disap- 
pears. The outer layer of the new cells is formed, according to him, 
round, and by the separate portion of the divided utricle. The mode 
of division he does not explain. This view does not appear to differ 
much from that adopted by Unger, who traces in Algie the devdop- 
ment of new cells, by a Jissiparous {JissuSy split, and pario^ I produce), 
or merimatie division) separation of the old ones into four 

divisions, in the same way as occurs in poMen grains. In some of the 
most simple plants, multiplication takes place by a sort of sprouting of 
new cells from old ones, like buds from a stalk. 

25. The various theories of cell-development may be therefore re- 
duced to the following: 1. The Endogenous formation within a parent 
cell; 2. the Exogenous without), without, or on the outside of 
the cell; 3. Merismatic, or by division of cells; and, 4. Isolated, or 
the independent formation of cells in a protoplasm.* 

formation of cells from nuclei, and their fissiparous division, 
are by some attributed to different dectrical currents excited by the 
dbemical actions going on in the cell. Cells are produced with great 
rapidity, esj^dally in the case of ftmgi. Lindley calculates that the 
of Bovista gigantea have been reduced at the rate of more than 
sixty-six millions in a minute, and Ward has noticed a similar occur- 
rence in Phallus impudicus. In wrarm climates, at the commencement 
of the wet season, the production of cells in the higher classes of plants 
proceeds with astonishing lapidity. 

* For a ftiO view of the au1]()ect of the derelopmeni and growth of cdlfl, the followinip works 
mairv.be coosulted:— Schlelden on Phytogenetfs, and M(dil on the Structure of the Vegetable 
tranalated in Taylor's Sdontifle Memoirs, Vols. XL snd IV. ; Xaegeli od Vegetable Colls, 
Ray Society's Reports, 1840; Sharpey, Anatomy; M. Bany, Virology of Cells,^. in Philo- 
sophical Transactions, 1840; and on Nucleus of Cdls, in Jatneson^ New rhiloaophical Journal for 
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27. The organised cells of plants appear to be the more immediate 

seats of the yariods changes wHch constitute the functions of nutritioii 
and reproduction. In ocular plants they are^ the oi^ form of demen- 
taxy tissue produced throughout the i^hole of life* absorb nour- 

ishment through their walk, elaborate secretions, and give rise to new 
indiyiduals. In the newly-formed tissue of vascular pLmts, cells ahme 
at first exist. Fluid matters are absorbed )yy them, and are transmitted 
from cell to cell by a process of transudation. Ilie name of Endosmose 
(fj'doy, inwards, /am, 1 seek), and Exosmose outwards), were 
given by Dutrochet to the process ^ transudation, which leads to the 
motions of fluids of different denies placed on opposite sides of 
animal and vegetable membranes. Th|s process appears to be of uni- 
versal occurrence in plants, being concerned in the movements of the 
sap, the opening of seed-vessels, and many other phenomena. The 
capsule of the Elaterium, for instance, opens with great force by a pro- 
cess oT endosmose going on in the cells, and such is also the case with 
that of the Balsam. The power which cells possess of absorbing fluids 
is well seen in sea-weeds, which, after being dri^ can eaady be made 
to assiune their natural appearance by immersion in fluids. It is also 
observable in the spores of the Equisetum, the teeth of Mosses, the 
seed-vessds of some Fignmaiygolds^ the Rose of Jericho (Anastatica), 
imd some Lycopodiums. 

Various organicrsecretions, which are necessary for growth and nour- 
ishment, arc formed by the internal membrane of cdUs. It is in odOs 
that the azotised and unazotised matters are dc^sited, which are after- 
wards applied to the purposcjs of vegetable life^ > In them we meet with 
the proteine compotm^, albumen, fibrine, asnd caseine, consisting of 
carbon, oxygen, hydrogen, and nitrogen, with proportions of sulphur 
and phosphorus; as well as starch, gum, sugar, oil, and colouring mat- 
ters, in which no nitrogen occiuts. Some of the organic matters found 
in plants have been artificially formed by chemical means, while others 
have only as yet been met with in the living organism. Spiral cells 
sometimes contain air. 

SECTION IL—VASCULAB TISSUE. 

1.— FoBK AKD AnBAXQEBIEaT OF ySSSBia* 

28. TftscaUup Time, or Av/gienchyma (^iSyyosj a vessel), consists of 
tubes whose length groafly exceeds their breadth. These may be 
formed of membrano only, or of membrane altered in various ways 
by deposits of fibre, or thickening matter in tbe interior. 

29. ^ Woody or XiigooMs timwo, Pleurenchyma a rib, 

from its firmness)^"ffigJ44,) ooh^stsf of tubes, or, according to some, 
elongated cells, a ms^oxm (fusus^ a 8pin<fle) or spindle-like shape 
(fig* 8), having iheir walls tiuckened so 88 to give great firmness. So^ 
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have cffled this tissue Prosencht/ma (veoVj dose to, in xeTerence to the 
■ * dose apposition of Ihe tubes), a term, however, generaJly 
ajipliedto shdrtened fusiform cells only. Pleurenchyma- 
tous vessds lie dose together, overlap eadi other, and, by 
thfsir union, give streng^ and solidity to the plant. Their 
membrane becomes thickened by successive deposits of 
layers of cellulose and sclerogen, and m a transverse sec- 
tion the tubes present the appearance of concentric circles, 
occasionally with intervals, where the ligneous matter is 
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_ 45). The%ood of tre^ is made up of fibres 
or tubes of this kindi^ and they are found in thcLlinner 
bark, and in th^yVdns of leaves. The woody fibres" may 
be separated from the cellular parts of plants by macera- 
tion. In tliis way Flax and Hemp are procured, as weU 
as the Bast used for mats. The stren^ of the woody 
fibres of different plants varies. Thus, New Zealand' Flax, 
the produce of Phormium tenax, is superior in tenacity to 
Common Hemp; while the latter, in its turn, excels Com- 
mon Flax, as well as Pita Flax, which is the produce of 
Agave americana Linen is formed from woody tissue. 
Cotton, on the other hand, consists of elongated ccUs or 
hairs, the membrane of which becomes contracted in the 
process of drying, so as to appear twisted when viewed 
under the microscope. By this character mummy cloth 
was shown" to be composed of linen. Woody fibres, in 
fitbric, form muslin, la^, &c., some fine India muslins 
only are formed from woody fibre; other muslins are 
made of cotton ; when reduced to small fragments, they constitute the 
pulp whence paper is made. 

30. In its ordinary form, Pleurenchyma has" definite markup 
on its walls; but in som^ instances these pre- 
sent themselves in th^ ^ff)rm of simple discs (fig. 
46), or^^eff discs with smaller circles in the 
centre (fig. 47). The latter occurs in the wood 
of Firs, Pines, and Winter’s bark, and has re- 
ceived the name of glandular or punctated woody 
tissue. These martogs are formed by concave 
depressions on the outside of the walls of conti- 
guous tubes, which are closely applied to each 
other, forming lenticu]^ cavities between the 
vessels, like two watch-gllufies in apposition, 
and when viewed by transmitted light ^ey ap- 
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Fig. 44.— Woody fibres (Pletfrmftymd,) firom Clematis vitalba. 

Fig. 4&— Transverse section of the same. 

Fig; 46.— Woody fibres with circular ^ts where the membrane is thin {Bignomta). 

Fig. 47.— Punctated woody thtsue, with a dk>uble mrclo or disc, from common Scotch fir. 

Fig. 48.— Longitudinal section of the same, showing Uie tinlon between the fibres and the mode 
in wnidi the circles are formed. 
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pear like discs (fig. 4fi). in t]ie centre of the depression there is a 
canal, ofien fimnel-shaped, and Ihe part of the tube coirespondiQg to it 
being thus thinner than the^suiroonding texture, giyes the aspect of a 
smaller circle in tlie centre (fig. 47). When a thin secdbn is made 
through two pandlel Mnes of punctations^ the slits or fissures are seen 
which give rise to the appearances mentiozied (fig. 48). That these mark- 
ings are cavities between the fibres was prov^ by Quekett 
in the case of fossU pine wood, where be separate lenticu- 
lar masses of solid matter fiom the discs. There is some- 
times observed a thickening layer,, in the form of a spiral 
fibre, surrounding the discs more Ar less completely. The 
discs are usually arranged in single rows, but they occur 
also in double and triple rows, more particularly in Arau- 
caria and Altingia. 

81. FibM-VaacaUur TIsmm, or Trachenchyma (traekmy 
windpipe; rpet^us* rough), is formed of membranous tubes 
tapering at each end, less firm than Pleurenchyma, and 
either having a fibre coiled up spirally in their interior, or 
having the membrane marked ^th rings, bars, or dots, 
arranged in a more or less spiral form. 

82. True Hpiml rwtitU (j^iroideo^ tradim\ constituting 

the typical form, present ^cmsclves as elongated tubes 
clustered together, overlapping each other at their conical 
extremities, and having a spii^ fibre or fibr^ surrounding 
the interior of the cyUnder (fig. 49). Their outer mem- 
brane is tbm, and consists of pure cellulo^ At the point 
where they overlap, it is sometimes absorbed so as to 
allow direct communication between the vessels. The 
fibre or spmil filament is generally single, forming simple ^ 
trachm (fig. 50); but sometimes numerous fibres, varying fium two t< 
more than twenty, are united together, assuming the aspect of a broac 
ribband (fig. 51), and constituting Pleiolradieas more). Thi 

fibre is elastic, and can>e^r^ei^ ^This can be seen by taking tin 
leaf of a PelargoniynV, ana inakiag a superficial cut round th^ 
stalk, pulling the ports gently asunder, when the fibres wiU appear liki 
the threads of a cobweb. 

38. Spiral vessels were first noticed as early as 1661, by H^o^w 
^ey occur principally in the higher classes of plants, -and are wdl seei 
in annual shoots, as in Asparagus; in the st^n^ of Sfuianas and Plan 
ta^, where the fibres may be pulled out in hmdfiils, and used as tin 
in n^any aquatics, as Ndumbitun and Nymphtea, and in Idltaceouj 
ptots. In hard woody stems, they are prihcipaliy found in the sheatl 

Ijs* 40.--Tyo vessels united. 

gfc trachea. 

Mg. 5L-~ Spiral vessel vrito a ribband ef united fibres (PfeMmcAso,) iSrom the Banana. 
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and are traced from it into the leaves, 
are tarely found in the wood, bar^ 
m ptL Sjmal vessels occasionally exhi- 
bit a branded appearance. This may 
arise from Ihe union of separate vessels in 
^ an angular or jointed manner, as where a 
1^ or branch is given off (fig. 52 a a), or 
it may depend on a regular £vision of the 
fibres, as is seen in the MMetoe, Long- 
leek, and Gourd (fig. 53). 

84. The fibre is on theinside of the mem- 
brana Quekett has shown this in silicified 
s|Hral vessels, where the mar'k of the spiral 
was on the outside of the mineral matter 
filling the tube. The fibre usually turns 
from left to right, if we suppose the observer placed in the axis of 
the tube (fig. 54), or from right to left$ if we suppose him looking 
at the vei^ in its natural position. The fibre retains its direction 
throughout the length of the vessel. ' When examined imder the micro- 
scope, ther^ is often the appearance of the crossing of fibres (fig. 54), in 
consequence of the transparency of the membrane, and the 
observer seeing the fibre on each side of the vessel at the 
same time. In twining plants, the direction of the fibre 
does not always correspond with that of the stem. The 
coils of the spiral fibre may be close together (fig. 50), or 
be separatM (fig. 55). Sometimes they become united 
'together, and to the membrane of the tube, so that they 
cannot be unroUed. Such vessels are oaMd* closed trachea;, 
or closed ducts. 

35. ‘ValM mr i 



I TradtetB, the ducts of some authors, are ves- 
sels in whiidi the internal fibre does not form a com'plete spiral coiL 
^e chief varieties are annular ^ reticulated^ and vessels, or 

duqts. In a-Tnu ilar vessels Canmilus, a ring), the fibres /opn complete 
xmgs round the tubes (fig. 56). They^r^mble the trachea of animals 
more than spiral vessels do. The^ rings are by no means regular ; 
they may be horizontal or inclined, simple, or forked (fig. 57), placed 
near to eadi other or separated by considerable intervals, the inter- 
mediate spaces being sohaetimes occupied by a fibre of an elongated 
spiral form, which is continuous with the rmgs or distinct from thmn 
{fig. 58). All tihese^fbrms are easily recognized in the common Bal- 
aam. Occadonally, the ring becomes vqy much thickened in a.direc- 
tion perpendicular tP the Walls of the vessel, so as to leave ozdy a 

vftittecl so as tq have a branched appeaxanoe. 
ng ypMele of Oonid (CttcutWfa 

ISiiseeifonbothBidea ^ 

t ofiihte, aepan^ed to traches o^Gdhrd. 




small space in the centre, as in some of i&e Cactos tribe, , 

separate fibres cross each other, forming a kind of net-iiprki»n ^ walls 
of the tubes (fig. 59), the vessels become (retmdum^ a net); 

and the name dotted is sometimes appliedVhen the fibre 
up as to leave small isolated pordbns adhering to the meEchbra;;^ 
(fig. 60). In scalariform vesfels (sca/a,‘’a ladder), there ar^ shoire 
horizon^ lines or bars, composed of fibre, arranged along the fidde^ 
of the tubes, at nearly equal distances, like the steps of a laraer, and 
presenting a striated appearance. In some cases, as in the XTine (fig. 
61), they are composed of tubes united to each other by thin, broad, 
obuque extremities; at other .times they like spiral vessels. 

They generally assume a prismatic form, the angles being unmarked 
by lines, as is seen in Ferns (fig. 62). 




56. Poronii VeMeia.-Another kind of vessel common, in plants is the 
vessel, so call^ from the appearance of poi'es on its surface. 
'!^e tissue formed by porous vessels has received dae name of Vasiform 
Pitted. Ussue^ Bothrenchyma^ or Taphrenchyma or 

a pit). The vess^s are of l^ge size, and stre easily observed in the 
Vine 63), Sugar Cane, Bamboo, Gourd (fig. 98 <er), and other 


gga 56, 57, 5&~Annalar veatcM the etewi of the Common Balsam. 


Fig. 6*2.— Piinmatlc sciOartfbrm yeml fram Royal. Fora {Oerntmefo rfgatis). 
C " 
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plants, in wMeh the sap circulates rapi^y. They consist of cylinders 
inore or less elongated, in yThich tlie thickening matter is so deposited 
88 to lea^e part, of l^e membrane uncovered, thus giving rise to the 
porous or pitted appearance. The uncovered portions of membrane are 
sometimes absorbed in old vessels, and a direct com- 
munication is established between them. Hie pores 
have sometimes a bordered aspect, which, according 
to Schleiden, depends on air contained in the cavities 
between oontiguous vesseh. Porous vessels arc usuidly 
united to each other by a broad and often oblique 
septum. 

87. This hind of vessel occii- 
rionally presents a beaded appear- 
ance, as if formed by porous cells, 
with distinct constrictions at their 
point of union (figs. 64, (?5). This 
articulated Bothrcnchyina Ls by 
some considered as a form of cel- 
lular tissue (If 10, fig. 22). To 
vessels exliibiting contractions of 
this kind, whether spiral or porous, 
the terms monilifonn {uumle^ a 
necklace), or vermiform {vermis^ a 
worm), have been applied; and the tissue composed of spiral, annular, 
or porous moniliibrm vessels, has been denominated phleboidal 
^AfiSoV, a vein). 

38. ijKttciferaws TCMeUi form the tissue called Cwmvhyma (x/i^sai, I 
move^ from certain movements of their contents, to be afterwards 
notic^). ' They are the Milk-vessels, and the Proper vessels of old 
authors; and of late years they have been particularly examined and 
described by Schultz. They consist of long, branched, homogeneous 
tube^ which imite or anastomose freely (fig. 66), thus resembling the 
vessels of a nim al s . At first, the tubes are very slender and tmiformly 
cylindrical (fig. 67 a), but afterwards they enlaa^e and present irregular 
distensions at difierent parts bf their course (figs. 67 ft, 68), so as to give 
rise to an articulated appearance. Their waifts vary in thickness, and 
are not marked hy any depressions or fibres. These vessels are met with 
in the inner bark, and they contain a ^anular fluid called latex^ which 
is at first transparent, but often becomes of a white, yellow, or reddish 
colour. Endlicher and Unger state that they are formed by cdls 
tinited in a linear series, their septa being obliterated; while Meyeu 




Fig. TCusel from the Vine, rtiowing its connection with woody 

fibres, and the broad septa or partitions of the vessel itself. 

Rg. 64.— Porous vessel from Traveller^joy {Ckmm viUdba), 

Rg. 6fi.— Moniliform ponms vessels from the Common Balsam. 
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and Schleiden maintain, that at a very early period the currents of 
latex may be seen in the intercellukr canab, and that ultimately a 



separate membrane is developed to form the vessels. The tissue can 
be easily examined in the India-rubber tree, in Dandelion, Lettuce, 
and Cel^dine, and in various species of Ficus and Euphorbia. 

2.— -Development and Functions of Vessels. 

39. The simple cell is the state in which vegetable tissue first 
makes its appearance. It is the primaxy form of aU the textures sub- 
sequently produced in vascular pl^ts. To the elongation of cells, and 
the deposition of thickening layers and fibres in their interior, the 
various vessels owe their origin. Thus when cells are developed as 
continuous branching tubes, which anastomose freely, Cinenchyma is 
formed; when they are elongated, as spindle-shaped tubes, and their 
walls are thickened and hardened by depositions of ligneous matter, 
they give rise to Pleurenchyma ; and when elongated membranous tubes 
are strengthened by spiral fibres, the different kinds of Fibro-vascular 
tissue are produced. The spiral vessel may be con^dered as the type 
of the last-mentioned tissue, tad all its varieties may be traced to 
changes taking place in the development of the fibre. Jhe coil may 
be broken in consequence of the fibre adhering to the membrane, and 
latter increasing rapidly in growth; or the fibre may be deposited 
irregularly, in consequence of interruptions in growth. This view of 
the formation of vessels is confirmed by finding in the same tube a com- 

6a— tjatidfbitras vessels (Cinmehima} ftom EnxAorbia dnlds. 

Figs. 67, 68.— Vessels of Lat^ from Celoa^e (CMdiaaibm 




Ijiale spx^ ope^^paxti araxdar either pompLete or with their 

eb4s ovedappiog, at^oth^, aod bars cxr dots at a thirci poition. In the 
09 ^ bf some vess^, their ^mation can be distinctly traced to cells 
end to end^ ^ partitions between which have been absorbed, 
monilifbrm or b^ed appearance often pres^ted by the different 
Idpb of vessels, more e^ciwy the Porous, plainly indicates tliis mode 
of Ibcmatiim. 

40. j^inc^QS} so in vessels, the walls are composed of cellnlose, and 
are usually no visible perforations; the communication between 
taking pl^e by imbibition or endosmose. In some instances, 

when vei^^ are closely applied to each other, especially when they 
overlap, Ihe membrane becomes absorbed, and direct communication 
takes place. This has been seen in spiral and porous vessels. The pits 
or depressions on the walls of vessels^ and the thinning of the tissue 
at particular points, appear to serve the purpose of allowmg the rapid 
transmission of flui^; and, according to some, they permit the passage 
of small cells ftom the interior, whi^ become developed as tubes, luid 
form branching vessels. 

41. Pleurenchyma, in its eafly state, contains fluids, and conveys 
them ftom one part of the plant to another. In the progress of growui, 
the secondary deposits obliterate the vessels, as in the periect or 
heart wood of oi^nary trees. These deposits are often of a very 
hard nature, and assume particular colours in different kinds of trees. 
From the firmness of this tissue, it is well fitted to give solidity to 
the stems and to strengthen the leaves of plants. In Spiral vessels, 
the fibre adds to their elastidty, and keeps tubes always pervious. 
The fibre, when once formed, does not increase much in thiclmess, and 
the secondly deposits do not obliterate the canal Various opiniotis 
have prevailed. regarding the contents of these vessels. The name 
Trachess, given by Grew and others, was partly ftom their structure, 
knd partly firom the idea that they contained air. The accurate experi- 
ments of Bischoff lead to the conclusion that the perfect ^iral vessels 
cemvey air, which often contains a large amoimt of oxygen in its com- 
position. Hales showed that air was evolved from the vessels of the 


ine when cut, and DecandoUe thought that part of the air in these 
vessels was derived from the pores of the leaves. Other authors look 
upon these vessels as conveying fluids,^ while a third set maintains tliat 
both air and fluids are present, the sSr being derived in part from 
decompositions going on in the interior of the plant. The other kinds 
of vascular tissue, and especially the porous vessels, are the means 
by which the fluids taken up by the roots of plants are conveyed to 
the leaves, and to all parts of the plants. Laticiferous vessels contain, 
according to Schultss, the elahorated sap or latex on its return from 
the leaves to the bark. Th^ latex is either transparent or opaque, 
colourless or coloured. These vessels, when examined with the micro- 



scope in the living plant, exhibit movements in their fluid contents ot" 
a peculiar kind, which will be consid^d under Cychm. 

42. The cell has been already shown to be the type of all the tissues 
of plants, and to be the ba^ of all vegetable structure. It is of equal 
importance as regards function. In the lowest plants, as the Protocoe- 
cus nivalis, or the Alga found in red snow, and the various sj^ecks of 
Palmella, Nostoc, and Haemaitococcus, cells constitute the whde sub- 
stance, and perform all the functions of life; th^ absorb and assiiui- 
late, thus performing the functions of nutrition and seer^on, aii$ they 
form new cells, thus reproducing individuals like themselves. When 
a more complex structure exists, as in the higher tribes of plants 
certain cells are appropriated for absorption, others are concerned in 
assimilation, and otliers in forming and receiving secretions. When a 
certain degree of solidity appears to be required to support the stem, 
leaves, and flowers, ligneous matter is deposited, and woody fibre 
formed. When the transmission of fluids and air is carried on rapidly, 
tlie clastic fibres of the flbro-vascular tissue seem to keep the elongated 
cells and vessels pervious, and when the elaborated sap is conveyed 
continuously without interruption, anastomosing tubes occur in the 
form of laticiferous vessels. 

Tabular Arranqbment of Yxoxtablb Tibsuxb. 

A. -— Crilolar Tissue (Parenchyma), composed of membrane, or of membrane and 

fibre, having the form of vesicles whose length does not greatly ex- 
ceed their breadth. 

). JifUmbranons Cellular Tissue; cells formed by membrane alone, of various 
thickness, but without markings on it. 

2. Porous Cellular Tissue; cells formed by membrane, which has been une- 

qually thickened in such a way as to leave rounded depressions at 
regular intervals. 

3. Fibrous Cellular Tissue (Inencbyma); cells formed by membrane and fibre; 

occasionally formed by fibre rione. 

0. Spiral Cells, with a complete spiral* fibre inside. 

6. Dotted Cells, with opaque spotis which are isolated portions of fibre, 

B. — Vascular or Tabular Tissue (Angienchyma), composed of cylindrical tubes, 

which are more or less continuous, and usually overlap each orimr, 
or are^ united by broad oblique extremities. 

L Membranous Vascular Tissue; tubes formed by membrane alone, of vari- 
ous thickness, but without nriirkings on it. 

'' 1. Ligneous Tissue (Pleurenchyma), composed of fusiform tubes with 
thickened walls. 

2. Laticiferous Tissue (Cinenohyma), composed of tubes which anastomose, 
often present irregular dilatations, and convey a peculiar fluid, called 
Latex. 

II. Porous Vascular Tissue; tubes formed by membrane, which becomes 
thickened by spiral deposits, in such a way as to leave rounded de- 
pressions at re^lur intervals. 

1. Vasiform Tissue, or Porous vessels (Bothrenchyma or Taphrenchyma); 

large tubes, usually en^ng in extremities, with pits or circular 

markings on their walls. This tissue sometunes e 2 diibtts contractions 
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ftt regular intervalB, as if formed of porous cells laid end to end, and 
then is called MonUiform, or Beaded (Articulated Bothrenchyma). 

2. Pnnctated Tissue (Glandular Woody Tissue); fusiform woody tubes, 
with depressions and markings on their wails, presenting the appear- 
ance either of a single or doable circular disc. 

III. Fibro-Vascular Tissue, composed of tubes in which the thickening mat- 
ter is deposited in the form of spiral fibres, rings^ bars, or dots, 
a. Perfect Fibro-Vascular Tissue, composed of tubes, in which there is a 
complete spiral fibre. 

1. Spiral Vessels (Trachese, Trachenchyma), in which the spiral fibre is 

elastic, and may bo unrolled. 

2. Closed Spiral vessels, or closed Trachese, in which the spiral fibre is 

brittle, or its coils so united to each other, and to the incYubranc, 
that they cannot be unrolled. 

A. Imperfect Fibro- Vascular Tissue, composed of tubes marked by rings, 
lines, or dots, but without a complete fibre inside. 

1. Annular Vessels or Ducts, having fibres in the form of detached rings, 

which are occasionally united by portions of fibre. 

2. Beticnlated Vessels, having fibres which cross each other, or arc dis- 

posed so irregularly as to form a net-work. 

3. Scalariform Vessels, having their walls marked by isolated portions 

of fibre, in the form of ladder-like bars. 

4. Dotted Vessels, having their walls marked by isolated portions of 

fibre in the form of opaque dots or points. 

Any of the vessels included under the Fibro- vascular tissue, may exhibit con- 
tractions at regular intervals, so as to become moniliform. 


CHAPTER IL 

COMPOUND ORGANS FORMED BY THE TISSUES. 

43. Some plants consist of cells only, wliicli continue tliroughoiit 

life to produce new cells, and to perfi)mi all the vital functions. TIk^ 
great mass of flowering plants, hoAvever, although originally cellulaa-, 
produces organs composed of cells and vessels variously arranged, and 
covered by an epidermis. These Compound Organs may be divided 
into Nutritive^ or those concerned in the nourishment of the plant ; and 
JReproductive, or those which are employed in the production of new 
in^viduals. The former consist of the stem, root, and lejives ; the 
latter, of the flower and fruit. r 

SECTION I.-OEGANS OF NUTRITION OR VEGETATION. 

1. — Structure, Arraxoemeni', and Special Functions. 

44. Under this head will be considered the tissues of which the 
various nutritive organs are composed, the mode in which the parts 
are arranged, and the pardoular function which each of the organs 
performs. 



osGA^a OF scTBsmps qn vi^btatiok. 

OENBItAL nmSOVMENT, 

''V ^ ^ , 

45. General ffntcgnment is the name given to the external cellular 
covering of plants. It can be 
easily detached from young 
leaves and stems, usually in 
the form of a colourless trans-^ 
parent membrane. By pro- 
longed maceration it has been 
shown to consist frt?quently of 
two layers ; a superficial, cdled 
Cutick or Pellicle (fig. 09 p p\ 
and a deep layer, usually billed 
the Epidermis (fig. G9 e e), 

4G. The hnperilclal Pellicle 
(pelli% skin) Is a very thin con- 
tinuous membrane, which is 
spread over all piu’ts except the 
openings of the stomata; in some 
cases entering these openings, 
and lining the cavities l)eneath 
them. It is formed from the epidermal cells below it ; Treviranus, 
Sclileiden, and Pa 3 *on, considering it as a secretion on the outside 
of the cells, while Illohl and Hcnfrey look upon it as couiposed of the 
filtered primaiy walls ol‘ the cells. In fig. 70, it a a 
L s represented as detached from the leaf of the 
cabbage, forminga sheath over the hairs, hhh A, and 
leaving slits, s s, corresj)onding to the openings of 
the stomata. This pellicle appears to be simil^ to 
the intercellular subsbmcc surroiuiding cells, and 
to the defimte mtwus which is conspicuous in some 
sea-weeds (fig. 29 h). It is possible that this 
matt-cT, in place of btjing produced on the outside 
of cells, may be fonm^d within them, mid ulti- 
mately deposited exteiually by passing through 
their parietc*s. On the inner siuiace of the pel- 
licle the impressions of the epidermal cells are 
sometimes observed (fig. G9 The pellicle is h 

the only layer of integument which is present in 
aquiitic plants, and in some of the lower tribes. 

47. The ppidemis (stI, upon, and skin), (fig. G9 e c,) is 

Flp. fi9.><-Oeneral intej^ment of a leaf of Iris gcrmanica. pp, The Cnticidar pelllclo with elite, 
J-i upon the proper epidenniH, <' e, formed of liexagonal and fumidied with stomata, 

I'll?. 70.— l^iele of Cabbttf;^ detached hy maccratioii, covering the hatre, A AAA, and having 
openinge, ss, eonrosponding to the etouuihL 







eSEteoded over all fee parts of plants exposed to fee air, except fee 
stigma. ^ On fee extremities of noi^ly-formed roots, fee integument 
dolisists of loose cells, which are considered either as being the ordinary 
ocular tissue of fee plant, or as being an imperfectly-formed epider- 
mis^ wbidi has received fee name of Epiblmia (Ixi, upon, and fixiifAet, 
wound, as being fee tissue which first covers wounds). This latter 
Mud of tissue occupies fee place of fee epidermis, in the parts of plants 
which are always under water. On fee aerial roots of Orchidaceous 
plants, feere is an epidermal layer consisting of spiral cells (fig. 23), 
containing air. 

48, The epidennis is usually formed by a layer or layers of com- 
-j. '' ^ pressed cells, which assume a more 

5 ^ or less flattened tabular shape, 

Cr 1 >0 \ ^ walls bounded by 

^ ^ straight or by fiexuous lines. Fig. 

^ represents an e]>idemiis 
Cl / formed of regular hexagonal cells ; 

i / ^ yX/ 1 fig. 72, one composed of irregular 

/ rl / J Cj hexagons; while in fig. 71, the 

V ^ bounchtries of tlu^ cells, e, are fiexu- 

^ cf \ C wavy. The cells of tlie epi- 

J dermis are so intimately imltt^l 
I I together, as to leave no intercc‘l- 

/\J j' lular spaces (fig. 74 c e). 

i epidennis is sometimes 

thin and soft, at other times dense 
and hard. In the fonner case it 
may be easily detached from the 
subjacent cells.; in the latter, the cells b(?come thickened by deposits, 
and sometimes the layers are so produced as to leave uncovered spots, 









FIff. 71.-~Epidcnni8, from lower sqifluse of tho leaf of Madder {Rulm finctorwn). e, CeU of iJio 
Eptoermis. x, Stoma. 

Fig. 72.— Epidcnnal layer, from upper surface of a leaf of Jtanuneulm aquatUU when growing 
out of water. e«, Epidermal cells. Stomata. 

Fig, 73. —Vertical section of lowca* epidermis of the leaf of Ronhea falcata. e c, Double epider- 
mal layer, with very large external cells, small internal ones pierced by a stoma, s, Avhich com- 
municates with a lacuna, I p, Parenchyma of the leaf. 
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wliicli communicate with Ae interior of the cell by canals passing 
through the thickening layers, as in Cycas. In Bochea falcata (fig. 
73), the epidermis, e e, consists of two kyers of cells — ^the outer ones 
large, the inner small The cells of epidermis are usually filled with 
colourless fiuid, but tliey sometimes contain resinous and other sub- 
stances. Waxy matter is occasionally found in the epidermis, silica is 
met with in the integument of grasses and Equisetums, and carbonate 
of lime in that of Cliara. Tlie colour of the epidermis generally 
depends on that of the subjacent parenchymatous cells. Hie epider- 
md cells are usually larger than those of the tissue below them; but 
sometimes, for instance in Ficus ekstica, they are smaller. 

50. Stonata {arofia, a mouth) arc openings existing between some 
of the cells of the epidermis on parts exposed to the air. They consist 
usually of two semilumu' cells surrounding an oval slit or orifice (figs.-. 
69 8 Sy 71 &•), which have been considered as resembling the lips and the 
orifice of the mouth. Stomata open or close according to the state 
of moisture or cbymess in the atmosphere. By examining, under the 
microscope, thin strips of epidermis in a moist and dry state, it will 
be seen that in the ibriner case the lips are distended, they assume a 
crescentic or archcnl form, and leave a marked opening between them; 
while in the latter, they approach each other, and close the orifice. 

51. The cells siurounding the openings of stomata are sometimes more 

nximerous, as in Marchantia, In Ceratopteris thalictroides, Allman 
observed stiomata formcjd by tlirec cells; two of which, in their open 
condition, are crescentic and concave inside, while the third surroimds 
them, except at a small space at the end of the long axis of the stoma, 
and has on this account been called pemtoraatic (xfoi* aroimd). In 
Equisetum, the stomata, which are about ^ their gre^it- 

est diameter, consist ot‘four pieces; two of which arc arched and tliick 
at their outer convex mai'gin, becoming tliin at their inner concave 
edge, where two other bo^es occur, having numerous processes like 
the teeth of a comb, hence called pectinate {pecten^ a comb). Occa- 
sionally the stomatic cells become united, so as to appear in the form 
of an uninterrupted rim; and at other times the stoma is a minute 
orifice in the walls of a cavity. 

52. Stomata communicate with intercellular spaces (figs. 73 s, 74 s), 
the connection being sometimes kept up by means of a fimnel-shap^ 
prolongation of the cuticle, called, by Gasparrini, a ctstoinu (x/arai, a 
cyst or bag, and a mouth). TJiey are scattered over the surface 
of the epidenuis in a variable manner. Sometimes they are placed at 
regular intervals corresponding to the union of the epidermal cells 
(fig. 69 s); at other times they are scattered without any apparent 
order (figs. 71, 72) j and in other instances they are united in sets of two 
or three, or in clusters at particular points, as may be seen in Begonia, 
Saxifi-aga (fig. 75 s s), and Proteacese. 





53. Stomata occur on the green parts of plants, especially on the 
I^yes and their appendages. They are not usually found in cel- 
lular plants, nor in plants always submerged, nor in pole parasites. 


S S 



This is not, however, a universal rule, for stomata liavc been de- 
tected in Marchantia and some other Cellu fares; also in the sub- 
merged leaves of Eriocaulon setaceum, according to Griffith, and in tlie 
pale parasite Orobanche Eryngii, according to Duchartre*. ITiey dt» 
not exist in roots, nor in plants kept long in darkn<^ss so as to be 
blanched or etiolated, and they are rare or imi)erfectly developed in 
succulent plants. 

54. Stomata vary in their form. 
The oval form is very common, 
and may be easily seen in I^Lli- 
aceous plants; the spherical oc- 
curs in Oncidhmi altissimum and 
the Primrose, the quadrangular iu 
Yucca and Agave. In the Ole- 
ander, in place of stomata there 
are cavities in the epidennis pro- 
tected by hairs (fig. 7(1 s), 

55. The development of stomata has been traced by Mirbel and 
MohL In the Hyadnthus oiientalis, they appear first between tlie 
epidermal cefis in the form of quadrangiilar spaces containing gra- 
nular matter, which gradually collects towards the centre, where a 
septum or partition is formed.. This septum ultimately splits, leaving 
a slit or opening which constitutes the stoma. Mold has traced this 

Fig. 74.--Vcrtical section of epidermis, from the lower surface of the leaf of Madder, shoMiiig 
the intimate union of the epidermal odls, e e, the loose subjacent parenchyma, witli intcmcl- 
lular canals, and lacuna, 1. s, Stoma. 

Fig. 75.— Epidermis of leaf of Soxifniga sannentosa, showing clusters of stomata, ss, surrounded 
by large epideimal cells, ee. The cells among which the stomata oc*cur are very small. 

Fig. 76.— Vertical section of lower epidermis of tlie leaf of Nerium Olmnder. c. Epidermis 
composed of several layers of cells, Parenchyma of the leaf Cavity tilled with hairs, which 
may represent a stoma. 
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process throughotit the same leaf in different stages of groivth. In 
Marcliantia, Miihel found several tiers of cells forming the stoma, and 
he supposed that the opening was produced loy the absorption of a 
central cell, leaving the others to form the rim or border. 

56. The number of stomata vanes in different parts of plants. They 
are most abundant on the under surface of leaves exposed to the air, 
and are often entirely wanting on the upper surfiwse, more especially 
when it luis a dense shining cuticle. In floating leaves the stomat^ 
when present, are on the upper surface only. Wlien plants usually 
under water are made tg grow for some time in the air, then- 
leaves exhibit stomata. When leaves grow vertically, the stomata are 
often e(|ual in number on both sides. The number of stomata varies 
fi-om a lew liundreds to many thousands on a surface of one inch square. 
The following table exliibits the number of stomata in the leaves of a 
few plants : — - 


STOMATA IN ONB INCH 8QT7AHE. 


Misletoe, 

Tradcscantia 

Rheum palmatum, 
Crinum anmbile,... 

Aloe, 

Clove-pink, 

Yucca, '. 

Mezercon, 

Pffiony, 

Vine, 

Holly, : 

Cherry-laurel, 

Lilac, 


upper side. 

Under side. 

200 .... 

. 200 

2,000 .... 

. 2,000 

1,000 .... 

. 40,000 

20,000 .... 

. 20,000 

25,000 .... 

. 20.000 

38,500 .... 

. 38,500 

40,000 .... 

. 40,000 

None. 

. 4,000 

None. .... 

. 13,000 

None. .... 

. 13,600 

None 

. 63,600 

None. 

. 90,000 

Pew. 

. 160,000 


57. Appcndaise* of the Cpidcniils» or Appendicnlwr OTgaiiii,~- 

Tlie epidei-mis frequently exhibits projections or papillae on its surface, 
in consequence of some cells being enlarged in an* outward direction 
(tig. 73 c e). When these assume an elongated or conical form they 
constitute /tatrs (pili or villi), as seen in (tig. 77 h h h). 

Hairs, then, are composed of one or more transparent delicate cells 
j^rocceding Irom the epidermis, and covered with the cuticle (fig. 
70). They are erect (fig. 78 a), or oblique, or they lie parallel to 
the surface, and are adpressed. Sometimes they are formed of a 
single cell^ wliich is simple and undivided, (fig. '78 a), or forked (fig. 
78 5), dr l^anched (fig. 78 c*); at other times they are composed 
of many c^s ' either placed end to end, as in moniliform or neck- 
lace-like hairs (fig. 79), or united togetlier laterally, and gradually 
forming a cone, as in compound hairs (fig. 80), or branched (fig. 81). 
When several hairs proceed firom a common centre, they become 
{stdla, a star), or radiated (fig. 82). The latter arrangement occuism" 
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the hairs 'of the* M^low tribe, and is well seen in those of Deutzia 
scabra. When stellate hairs are placed closely together, so as to form a 




sort of membranous expansion (fig. 83 ), a scale or scurf is produced. 
To such expansions of the epidermis the name lepm (hsTie, a sciale), 
is applied, and the surface is said to be lepidote. These scales hav(i 
sometimes a beautiful sdvery appearance, as in Ela?agnus. Sur- 
* roimding the base of the leaves of Ferns, a brown cha^ substance 


Fig. 77.— Young root of Madder, showing cellular processes, equivalent to hairs, e, Th« 

epidermal ccUs wnlch are not elongated. 

Fig. 78.— Hairs formed by single qells of the epidertnts, c. a. Simple hair. 6, Bifurcated hair 
.of Sisymbrium Sophia, c, Branched hair of Arabia alpino. 

Figs. 7i)— 82.— Compound hairs formed by the union of severqji cells, c, Eiddermis, 79. Moi^W- 
Ibnu hair, from Lychnis chaicedonica. 80. Partitioned, uubranched hair, from stem of Bryom 
alba. 81. Partitioned, Itranched hair, from flower of Nkandra anomala. 82. Stellate, a star-like 

hJiJr. fWtm Ipfl-fnf Alfhfnii miipo 
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occurs, consisting of elongated cells, to which the name of ramenta* 
veouH hcdrSj or, rammict {mmentuntf a 
shaving), has been given. In Palms 
iilso a similar substance occurs, called 
reticuhm {reiimltm^ a net), or mitiullaj 
{inatta^ a mat). Pt -icicles or aculcij as in 
. the Rose, (fig. 101 «), are hardened liairs 
con nee ted with the epidermis, ai ul differ 
from spines orthexi^y^^mh have a 
deeper origin. are bristles or 

stiff hairs, and the surfacc^s on which 
they occur ar<^ sjpd to bo setose or seta- 
ret ms. Some' 1 lai rs, jis those of Drosora, 
or sundew, have one or more spiral fibres in th(‘ir interior. 

58. Various names have l)een given to the different forms of hairs: 
thi?y arc rlavate or club-shaped (clava^ a club), gradually expanding from 
the base to tlirir apex; capitate^ having a distinct rounded head; rmujh 
W scabrous^ with slight projections on their surface; hooked or uncinate 
(imcus, a hook), with a hook at their apex pointing downwards and to 
<>n^5 side; barbed or t/lochulittte (yTiaxU, a barb), with two or more 
hooks around tlie apex; shield-like or peltate {pcUa^ a buckler), when 
attached by their mid<lle, and projecting horkontalJy on either side (fig. 
81), as in many cruciferous plants;' 
r Hit (ted {cUium^ an eye-lash), when 
sutTounding tlu' margin of leaves. 

On the pod of the Cowitch {^lucuna 
prurkns)y luiirs arc jtroduced with ^ 

projections on th('ii- surface, which cause great irritation when applied 
to the skin. In Venus’ Fly-trap {Dioneva rnuseipula), stiff hairs exist on 
tlic blades of the lejff(fig. I8f)t‘), which, when touched, cause their closure. 

59. llfiirs occiu* on various parts of plants; as the stem, leaves, 
flowers, seed-vessels and seeds, and even in the interior of vessels. 
Cotton is tin* liair surrounding the seeds of Gossypimn herbaceura. / 
Hairs are developed occasionally to a great extent on plants exposed to 
elcwated temperatures, as well as on those growing on lofty mountains. 
When occurring on the organs of reproduction, they seem to be con- 
nected with fertilization, as the hiiirs on the style of Goldfussia or 
Ruellia, and the retractile hairs bf Camptmula. Different pjuts of plants 
are transfi)rmed into hairs; as may be seen in the flowering stalks of 
Rlius Cotinus, and in the ciilyx of Compositas. 

60. Names are given to the surfaces of plants according to the 
presence or absence of hairs, as well as the nature of the hairs which 




gg. or Hcaly hair, from leaf of Hippophae rhamnoidea 

of Malpighia, arising fhmi cpidermiB, e. g, The gland which com- 
municates with the Jittir. . 
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ooTer iheml The foUomag are the more important terms : — Glabrmis, 
moodi, having no hairs; hairy (pilots), furnished with hairs; 
^jjifi^escent, covered with soft, short, downy hairs; villous^ having long, 
weak, often oblique hairs; sericeous^ covered witli long, closely ap- 
pressed hairs, having a silky lustre; iuspid {fdspidm^ Mrtm\ covered 
with long stiff hairs not appressed; hinute^ having long tohrably dis- 
tinct ha^ not stiff nor appressed; (velvety velutinus)^ \vith a dense 
oovermg of short down, like velvet; covered with crisp, 

rather rigid, ciitanglcd hiiirs like cotton, which form a sort of felt 
(tammtmii); woolly^ with long curled ami matted ]mii*s like wool; 

(ffTVTjj, tow), wdien hairs occur in small tufts. 

61. Tlie hairs wliich are most frequently met with in plants are called 
lymphatic^ from their not being connected with any peculiar secretion. 
Those, on the other hand, which have secreting cells at their base or apex, 
are denominated glandular^ and are not to be distinguished from glands, 
under which therefore they will be considered. Lymphatic haii*s occur 
on parts exposed to the air, and are wanting in blaiKhed plants. On 
young roots, cellular projections of the cuticle are sec'ii (fig. 77), which 
may be called radical hairs. Young leaves and buds jirc frequently 
thickly covered with protecting hairs. In this instance the hairs arise 
chiefly from the veins; and as the leaves increase in size, and tlie veins 
are separated, the* hairs become scattered, and apparently less abun- 
dant. On the parts of the flower, coloured hairs occur wdiich have 
been called ccrollim. 


62. Gland* are collections of cells forming secretions. The term 
has been vaguely applied to all excrescences occurring on the surfaces 
of plants. They are either stalked (petiolatc^ stipitate) or mt stalked 
a h c d (sessile). The former 



may be called glandular 
hail’s, having the secret- 
ing cells at the apex. 
Stalked glands, or glaii- 
duhir hairs, are either 

t composed ofasingle cell, 
wdth a dilatation at th<* 
apex (fig. 85 a), or of 
sever?]! cells united to- 
; gether, the upper one 

4 being the secreting or- 

^ place 

of a single terminating 


Fip. 8 r».— Glandular hairs. «, Epidermis, Hair formed hy a single cell from Sisjnnbrlum 
chilense. 6 , Hairs formed of several cells terminated by a secreting cell, from flower-stalk of 
Antirrhinum majus. c, Hair co;ni)08ed of several cells, terminated by two secreting cells 
united laterally, from flower-stalk of Lysimachia vulgaris, d, Compound hair, terminated 
by several secreting cells united end to end, from Oeum urbonum. 
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secreting cell, there are occasionally two ffig. 85 c) or more (fig. d). 

Hairs sometimes serve as ducts through which the secretion of ghmds is 
discharged ; these are glandular hairs, with the secreting cells at the base. 
Such hairs fire seen in the nettle, (fig. 86), in Loasa or 
Chili nettle, and in Malpighia (fig. 84), and are commonly 
called siuijis. In the nettle they are formed of a single 
conicarceU, dilated at its base (fig. 86 6), and closed at first 
at the apex, by a small globular button placed obliquely 
(fig, 86 .s). This button breaks off on the slightest touch, 
when the sharp extremity of the hair enters the skin, and 
poui's into the u ound the irritating fluid which has been 
pressed out from the elastic epidermal cells at the base. 

When a nettle is grasped with vi*Jence, the* sting is frac- 
tui*ed, and hence no injury is done to the skm. The 
globular apex of glandular htiirs sometimes forms a viscid 
secretion, as in tlie Cliinese primrose and sundew. The 
hairs of the latter plant, by this secretion, detain insects 
whicli happen to light on them. 

63. When ghmds are sessile, they consist of epider- j 
inal cells cither surrounding a cavity, or enclosing small 
secreting cells. In fig. 87, is represented a gland taken 
Iroin the flower-stalk of Dictamnus albus, cut vertically to 
show tlie cavity surrounded by cells, and filled with a 
greenish oil; while in fig. 88, there is a gland with a 
stalk, full of ctdls, taken from Rosa centifolia. 

Th(‘se figures show the transition from sessile 
to stalked glands. Some of tlie superficial cells 
of* tlie epidermis are sometimes sliglitly elevated 
above tlie rest, and contain peculiar fluids. In 
tlic Ice-plant, the a])pcarance of small pieces of 
ice on tlie surface is produced by cells contain- 
ing a clem* fluid, which is said to have an alka- 
line reaction, while that of the tissue around 
the vesicles is acid; in the Chick-pea, similar 
s uperficial cells contain a subacid fluid. Glandular depressions or pits 
' cciir, surrounded by secreting ceils. At the base of the petals of 
the Crown-iinperial, for instance, cavities are seen containing a honey- 
like fluid, secreted by what are called nectariferems glands. Cavitie-s 
containing saccharine matter, sun*ounded by small thin-waUed cells, 
are met with in the leaves of Acacia longifolia, also in Viburnum 


86 

short thick 



Jiff. 86 —Conical hair of ITrtlca diolca. or common nettle, ending in a button or swelling 
nvitli a dilatation or bulb nt its base which is suiTouuded by epidermal cells u e. In the Imir 
are currents of *?raniilar matter//: 

ft’om tiowcr-stalk of Dictamnus albus, cut vcrticallj', showing central cavity f, 
nuea with gi-ecnisti oil, and sun’omided by a layer of cwls c, whidi contain a red juice and are 
connected with the epidennis e. 

Fig. 88. — Gland from Uosa centifolia c, The epidermis. 



l^e cavities comniuiiicatc with the 

Mat idiii|!e.6Cpa8ioiiw sunk in the qiiderims, so as m^ely to liave 
at other times they ]ie b€#w the ^idermal cells, 
^ Myrtle, Orange, St JohhVwort, and Rue, 
'' HvwQn the latter case they are soiiwetim ca&ed veskml^i^ 

and are &nned by cells surrounding cavities oontaiu* 
ing oil (fig. 89). When occur in the leaves, 
.. they give rise, when viewed by transmitted light, .to 
U tKe<appearance of transpm*ent points or dots. Fcr- 

f r'o rudB^ or warts, are collections of thickened cells on 

^ the sur&Se of plants, assuming a. rounded fonn, and 

containing starch or other matters. LenticelSy or Lenticular glands^ are 
celjular projections on the surface of the bark, arising from its inner 


part ^ 

64. The ^ecial FMMtlopMiv R^crmis and its appen- 

dages, are to protect the parts beneath from various atinospheric 
and metiqoFolo^cal influences. In plants growing in dry climates, 
the ^idermis is often very thick, and coat^ with a waxy secre- 
tion, to prevent too great transpiration or exudation of fluids. In 
those wlu^ii inhabit humid pLioes, the epidermis is thin and absorlient; 
while in submerged aquatics, there is no proper epidermal cover- 
ing. The stomata regulate the transpfratian^ opening and closing 
imeordiug to tlie state of humidity and dryness of tlui atmosphere, 
surrounding them. When a plant is growmg vigorously, the coiintant 
passage of fluids keeps the regulating cells around the stomata in a 
distended state, and thus opens the orifice; whereas, when the circulation 
felanguid and the fluidvS are exhausted, the cells collapse and close 
the opening,' Tim ppinion that the sueculeney of plants is a sort of 
dropsical condition, caused by tlie absence of stomata to carry ofl' tin* 
fluids, has not been confirmed by observation. Hairs, jicconling to 
their structure^ serve various pui'poses. Lymphatic hairs protect tin* 
sur&ce, and regulate evaporation. Plants thickly covered with 
hairs, as Verbascum thapsus, have been known to resist well an 
exf^ded period of drought. Glandular liairs, and glands in general, 
form seci*etioD3 which are eudployed in the economy of vegetation, or 
are thrown off as excretions no longer fitted for the ust^ of the plant 
itsdf. Many of these secretions constitute important articles of mateiia 
mediea. Lenticels keep up a connection between the air and the inner 
bark, and probably pei^rm the function of stomata in the advanced 
period of the growth of the plant. They are considered, by Decan- 
aoUe and oUiers, as being the points where yoimg roots are produced 


Vlg. 89.->yefiIcular gland from Iluta gniTeolenSy or Common line. Gland formed l>y large 
tcanqparent cells, surrdiuidiiig a central lacuna. /. e. Epidcnuls from u)>i»ur surface of the leaf 
ue,vct Cells filled witli ClilorophyUe. 


in certain circnmisl;^^ on be^ 

Shizogem a root, mi yumdup^ to are oonspi^. 

Guous in Willows, the jcitog bran<^e8 of^ wh^ zo<^ reiiy 
readily when plac^ in mdift eoiL" Sope halca <iKX^^ t^^le 
of plants are c^ed <%>llectii% hairs, 

form in taking up the jiollen. li:i^the j^>edes of &ese hairs 

are so form^ that ato the pollen 1 m 

part is drawn witlun the lower, ha many hairs a of fluids 

takes place, connected appslFently with their nutrition and develop- 
ment (fig. 86). In the monuiform purple hairs on the stamem of Trades- 
caUtia, or Spiderwort, this ^movement may be easily seen und)^ the 
microscope. The snl::^t of the circulation in hairs will be considered 
under It&tation. 


sry Asoumnm AXIS. 
Forms of Stems. 


G5. Tlie stem is that part of a plant which bears the leaves 
and flowers. It receives the name of Caulis in ordinary herbaceous 
plants which do not fonn a woody stem, Truncm in trees, Caudex 
in shrubs, Ctdm in grasses, and SUpe in Palms and Ferns. It is not 
idvvays conspicuous. IMants with a distinct stem ai’e caMcd ccmks- 
c€)it : those? in which it is inconspicuous are acaules. Some plants are 
trul} steinlcss, and consist only of expansions of cellular tissue, called 
a ThaUnSjtixiiX lienee are denominated or ThaUophgtes 
a frond, yivitattv, to produce, a phmt). They have no true vas- 

cular system, but are comjiosed of cells of various sizes, wliich some- 
times assume an elongated tubular form, as in Chara. The cells are 
sometimes united in one or several rows, forming simple filaments, 
as in Conler\'a?; or branched and interlaced filaments, as in some 
Fungi; or membranous expansions, as' in Lichens and sea-weeds. 

6(5. Stems have usually considerable finnness and solidity, but 
sometimes they are weak, and either lie prostrate on the ground, thus 
1 becoming proettmberU^ or climb on plants and rocks by means of suckers 
like the l\y, being then cjdled scandent^ or twist round otlier plants in 
a spiral manner like Woodbine, becoming volublk. Twining plants timi 
cither from right to left, as tlie French bean, Convolvulus, Passion- 
flower, and Dodder; or from left to right, as Honeysuckle, Hop, and 
Tamus. Bryonia alba twines ‘from right to left, and from left to right, 
alternately. In warm climates, twining plants {Harm) often form 
thick woody stems ; w'hile in temperate regions tliey are generally 
herbaceous. Exceptions, however, occur in the case of the Clematis, 
Honeysuckle, and Vine, the woody stems of which have received the 
name of 8<mnmtum a twig, or cutting of a vine). Some stems 
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ire developed tnoiedh diaoneterlihair in and present a peculiar 

ihortened and thickened aspect, as Testudinoria, or Tortoise>pl^t, and 
Cyclamen. 

67. Stems hove a provi^on for a symmetrical arrangement of leaves 
ind branches ; |0d||| {nodm^ a knot), or' points whence leaf^buds are 
produced, bein^pESed at regular intervals. No such provision occurs 
n roots which ramify irregularly, according to the nature of the soil, 
rhe intervals between nodes are called intemodesL The mode in which 
tranches come off from the nodes, gives rise to various forms of trees, 
juch as pyramidal, spreading, or weeping; the angles formed with 
he stem, being more or less acute or oblique. In the Italian Poplar 
md Cypress the branches are erect, forming acute angles with the 
ipper part of the stem ; in the Oak and Cedar they are spreading or 
patent, forming nearly a right angle ; in the weeping Ash and Elm 
hey come off at an oblique ai^le ; while in tlie weeping Willow and 
Birch, they are pendulBMsJlw^^ 4pMiphty. The comparative 
ength of the upper and imder branches, also gives rise to differences 
n the contour of trees, as seen in the conical form of Spruce, and the 
imbrella-like form of the Italian Pine (JPmus Finea), 

68. Plants which form permanent woody stems above ground, are 

lenominated trees and shrubs^ wliile those in which the stems die 
iown to the ground, and are not persistent, are called herbs, Tlie 
erm tree {arbor) is applied to those plants which have woody stems 
nany times exceeding the height of a man, the lower part free from 
)ranches being the trunk : a shrub (frutex) has a stem about tliree 
imes taller than a man, and branches from near the base: an umkr- 
hrub {su^hitex) does not exceed the length of the arm ; while a tmsh 
dumus) is a low diminutive shrub, with numerous branches near the 
)ase. The terms c^rborescekt^ fruticose, suffruticose, and dunwse^ are 
lerived from these. , 

69. Stems have usuaUy a round form; but they are sometimes com- 
)ressed or flattened laterally, whUe at other times they are angular : 
)emg triangular^ with three angles and three flat faces; trigonous 

three, and an angle), with tliree convex faces; triquetrous 

triquetrum^ a triangle), with three concave faces; quadrangular, or 
quare; quinqumgular, or five-angled; octangular, or eight-angled, &c. 

70. The stem has been called the ascendmg axis, from being devel- 
)ped in an upward direction. It does not, however, always ascend 
nto the air; and hence stems have been divided into oierml, or stems 
vhich appear wholly or partially above ground ; and subterranean, or 
hose which are entirely under ground. The latter are often called roots, 
5ut they are distinguished by producing leaf-buds at regular intervals. 
The following are some of the more important modifications of stems: — 
rhe Crown o/ the root is a shortened stem, often partisdly under ground, 
vhich remains in some plants after the leaves, branches, and flower- 
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stalks have withered. In this case the intemodte are very short, and 
the nodes are crowded together, so that the plant appears to be stem- 
less. It is seen in perennial 
plants, the leaves of which die ^ 
down to the ground annually. 

ARhizome or root-stock{^^* 90), 
is a stem which runs along 
the surface of the ground, be- 
ing partially covered by the 
sod, sending out roots from its 
lower side, and leaf-buds from 
its upper. It occurs in Ferns, 

Iris, Hedychium, &c. By many 
the term rhizonie is applied to stems creeping horizontally, whether 
they are altogether or only partially subterranean. A Pseudo^hulh is 
an enlarged bulbous-iSke aeriid stm^ common in Orchidaceous 
plants. It is succulent, often contains numerous spiral cells and 
vessels, and is covered with a thick epidermis. In the Kohl-rabi, 
H peculiar tliickened turnip-like stem is met with. A Soboles is a 





creeping under-groimd stemf sending roots from one part and 
leaf-buds from another, as in Couch grass, Carex arenaria, and Scir- 
pus lacustris (fig. 91). It is often called a creeping root. A Tiiber 

Fig. 90.— -Portion of Rhizome, r, of Gonvallaria Polygonatmn. a, A bud In the profn^ss of de- 
velopment. b, A bud developed as a branch at the extremity of tlie rhizome, c c, Cicatrices or 
indicating the situation of old 'branches which have decayed. 

Jig. 91.— Soboles, or Creeping subterranean stem, r, of Scirpus lacustris. Scales on the 

Aerial portion of the plant 1 1 Level of the earth. 

Jig. 92.-— Lower portion of a potato plant Level^of earth. p a, Aerial portion bearing 

^ves. t jSttbteminean portion of stem or tubers. T, tuber diowing eyes or leal-buds, covered 
by scaleB, 6, which ore equivileiit to leaves. 
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is E thickened stem produced by the approximation of the nodes 
and the swelling of the intemode^ as in the potato (fig 92 <). 
Tubers are sometimes aerial, occupying the place of branches, more 
especially when the potato hM been m^e to grow in darkness. The 
of the potato are leaf-buds. The ordinary herbaceous stem of the 
potato, when cut into slips and planted, some- 
times forms branches irom its base which 
assume the form of tubers. These tubers 
occasionally become nodulated, orelongated, 
or curved in various ways. Arrow-root is 
derived fi*om the scaly tubers of Maranta 
arundinacca. A Com is a solid under- 
ground stem which does not spread by 
sending out shoots, but remains of a rounded 
form, and is covered by thin scales on the 
outside (fig, 93). It occurs in Colchicum, 
Tulip, Crocus, and Gladiolus. It is distin- 
guished from a root by sending oflT annually 
buds in the form of small conns or thick- 
ened branches, either from the apex as in 
Gladiolus, or from the side as Colchicum 
(fig, 93 a"). "Hiese buds feed on the ori- 
ginal corm a', and destroy it. It will be noticed afterwards, when leaf- 
buds and bulbs are considered. 



Interml Structure of Stems, 

71. Stems, according to their structure, have been divided into three 
classes : — Exogenous («5«, outward, and ysvpuup, to produce), when the 
bundles of vascular tissue are produced regularly in succession exter- 
nally, and go on increasing indefinitely in an outward dii'ection. Endo- 
genous (hdop, within), when the bundles of vascular tissue arc produced 
in definite bundles and converge towards the interior, additions being 
thus in the first instance made internally. Acrogenous summit), 

when the vascular bundles are developed at the same time and not in 
succession, the addition to the stem depending on the union of the base 
of the leaves and extension of the growing point or summit. The plants 
which exhibit these three kinds of steni, are distinguished also by the 
structure of their embryo. Thus exogenous stems are met with in plants 
having an embryo or germ which has two cotyledons or seed-lobes, 
hence they are c^ed Dicotyledonous (llg, twice, and xorvTiMp, a seed- 
lobe) ; plants with endogenous stems have only one cotyledon, and are 
ca}ledMomcotyledonous{f66post one); while plants with acrogenous stems 

Fig. sa~>Conn or under-ground stem of Colchicum antumnale. r, Roota /, I^eaf. cc', Ascend- 
ing axis of preceding year, withered, a", Axis of the year, a'", Point where axis of next year 
would be formed. 
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have no cotyledons, and are called Acotyledonom (a, privative). The 
terms connected with the embryo will be afterwards ^y explained. 

Exogenous or Dicotyledonous Stem, 

72, The Exogenous or Dicotyledonous stem characterizes the trees 
of this country. It consists of a cellular and vascular system : the fomier 
including the outer bark, medullary rays, and pith ; the latter, the 
inner bark, woody layers, and mediillary sheath. Li the early stage 
of growth, the young dicotyledonous stem is entirely cellular; but 
ere long fhsiform tubes appear, forming bundles, having the appear- 
ance of wedges (fig. 94 w w) 
arranged in a circle round 
a central cellular mass of 
pith (fig. 94 p\ which is 
connected to the outer part 
or harlc^ by means of cellu- r 
lar processes called medal-- 
lary rays (fig. 94 r r r). At 
first, the cellular portion is 

large,— the pith, bark, and „ pr p « 

rays occupying a large por- 94 95 

tion of tlie stem; but by degrees new vascular bundles are formed, which 
are deposited between the previous ones (fig. 95 n n n). By this means 
the pith is more circumscribed, the meduUaiy rays become narrow, and 
the bark more defined. Such is the structure presented by an annual 
herbaceous dicotyledonous stem, consisting of pith, a cii’de of fibro- 
vascular and woody tissue, medullary rays, bark, and epidermis. 

73. The stems of trees and shrubs in their young state exhibit an 
arrangement similar to that represented as occurring in the herbaceous 
stem (fig. 95), with tliis ditference, that the vascular circle is more 
firm and solid. As ligneous stems continue to grow, further changes 
take place by which their dhimcter is increased, and they are rendered 
more dense. The shoots or young branches given out annually, how- 
ever, are similar in structure to annual herbaceous • stems ; and in 
making successive sections from the apex of a branch, which is succu- 
lent and green, to the base of a trunk, which is comparatively dry 
and hard, the various changes Vhich take place can be easily tracea 
Fig. 96 represents a thin horizontal or transverse section of the upper 
pmt of a young branch of Acer campestre. In the centre, m, is the 
pith, very large at this period of growth, and occupying at least one- 
half of the whole diameter, its cells diminishing in size as they approach 

Fig. 94 .— Young Dicotyledonoiu or ExogenouR stein, te tr, Vascular bundles In the fonn of 
p. Pith, r r r, Medullary rays. 

Fig. 95.— Same stem ftirther advanced ; the letters as in flg. 94, » nii, new vascular wedges 
interposed between those first formed. 
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the circuinfereiioe. Lmnediately surrounding the pith is a layer of a 
greeniidi hue, the medullary sheath, e m, from which the medullary 

rays, r m, proceed towards the cir- 
cumference, dividing the vascular 
circle into numerous compact seg- 
' ments, which consist of woody ves- 
'%p sels,/6, and of pprous vessels, vp, 
c These are surrounded by a moist 
layer of greenish cellular tissue, c, 
^ c^ed the cambium layer, whicli 
is covered by three layers of bark, 
« f 0 , e £?, and vntn laticiferous 








p f c, e c, and /?, vnth laticiferous 
4 p vessels, v Z, the whole being en- 
closed by the epidermis, e p. On 
makmg a thin vertical section of a 
portion of the same branch, and 
viewing it tmder the microscope, the parts composing the different por- 
tions become more obvious 


(fig. 97). Thepith, ?w, with its 
hexagonal cells decreasing 
in size outwards, surrounded 
by a narrow fibro-vascular 
zone; the medullary sheath, 
consisting chiefly of spiral 
vessels, t; the medullary 
ray, r m; the vascular zone, 
consisting of porous vessels, 
V pj of l^ge diameter, and 
forming the large round 
apertures seen in a trans- 
verse section; the woody 
fibres, / If with their thick walls and smaller apertures; the inner bark 
or liber, / c, with the layer of cambium cells, c; the second layer 
of bark, or the cellular envelope, e c, with the laticiferous vessels, v 1; 
the outer or suberous layer of bark, /), with the thin layer of epider- 
nds, epf having hairs scattered over its surface. 

74. Such is the structure of a youijg shoot during the first year of 
its growth. At the end of a second year the shoot is found to have 
increased in diameter by the formation of a zone of vessels consisting 
of porous and woody tissue, and a zone of fibrous bark, the medullary 



Fiff. 96.~>Horizontal fsecdon of young stem of Acer campestre, magnified twenty-six diameters' 
ott iith. etn^etn, Mednllary sheatl!. fb,fb. Woody bundles, v Porous vessela r m, Medul- 
lary rays, c, Cambium, /c, Fibres of cndovhloium. v Laticlferons vessels, e c, Cellular envcl- 
Mesopblceuxn. p. Corky envelope, Epiphloeum. e jp, EpidenniSL 
Fig. 97.-~Vertioid section of the same stem more highly magnified. ^ Tluchece or spiral 
vessela fhfhfh Woody fibrea The other letters as in fig. 96. 
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rays being at the same time continued fix>m within outwards. This is 
represented in fig. 98, where (1, 1) indicates the section of the stem of 



fim, year’s j^owth (the letters referring to the same part as in figs. 
9o, 97); and (2) shows the interposed zones of the second year, by 
whicli the diameter of the stem is increased. 

Pith, or the central part of a dicotyledonous stem, is com- 
posed of cellular tissue, which is developed in an upward direction, 
the cells diminishing in size towards the circumference, and being often 
ne^gonal In the young plant it occupies a large portion of the stem, 
and sends cellular processes outwards at regular intervals to join the 
^ (figs. 94, 95, p). The pith has at first a greenish hue, 
and IS of fluid, but in process of time it becomes pale-coloured, 
dry , and full of am. These changes take place first in the central cells. 
Sometimes the pith is broken\ip into cavities, which have a regular 
ai^gement, as in the Walnut and the Jessamine; it is then called dis- 
am or disciform {Ihws, a disc, firom the circular partitions). At 
otner times, by the rapid growth of the outer part of the stem, tlie 


campestre, two years old, where (1, D indicates 
Ffc 88 *®ders as in 98 and 97. 

vesSs and niagnifl^ o*^er to show tlie structure of the 

nuignifled. ** direction. Fig. 98 portion of a ikwous veM 
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pith is ruptured irregularly, aad fi^rms large carities, as in the fistular 
stem of Umbdli&rons plants. Circumscribed cavities in the internal 
cellular portions of stems are by no means unfrequent, arising either 
frpm rapture op- absorption of the cells. In some rare instances, ves- 
sels occur in pith, as in Elder, PitcAer-plant, and Ferula; and occa- 
rionally its cells are marked by pores indicating the formation of 
secondaiy deposits. The extent of pith varies in Afferent plants, and 
in difrerent parts of the same plant. In Ebony it is small, while in 
the Elder it is large. In the Rice-paper plant, a species .of .dEschyno- 
mene, the interior of the' stem is occupied almost entirely by cellular 
tissue, which may be called pith; from this the paper is made by 
cutting thin sections in a circular manner. The same kind of tissue 
occurs in the Pap 3 rrus of the Nile. When the woody circle of the 
first year is completed, the pith remains stationary as regards its size, 
retaining its dimensions even in old trunks, and never becoming oblit- 
erated. 

76. The Medallarr SheaOi, is the fibro-vasculor layer immediately 
surrounding the pith. It forms the inner layer of the vascular bundle 
of the first year (fig. 97 <), and consists chiefly of true si>iral vessels, 
which continue to exercise tlieir functions during the life of the plant, 
and which extend into the leaves. With the spiral vessels there are a 
few woody fibres intermingled. The processes from the pitli are pro- 
longed into the medullary rays between the vessels of the sheath. 

77. Woody Xioyera. During the first year, the vascular circle con- 
sists of an internal layer of spiral vessels forming the medullary sheath, 
and external bundles of porous and ligneous vessels. In subsequent 
years the layer of spiral vessels is not repeated, but concentric zones 
of porous vessels (fig. 98 ter,), and pleurenchyma are formed, consti- 
tuting what are commonly c^ed the woody circles of trees. Ihe 
vascular bundles, from their mode of development in an indefinite 
manner externally, have been called Exogmem; and, for the same 
reason, Schleiden has denominated them Indefinite, Exogenous plants 
have sometimes received the name of Cyelogme (xvKXof, a circle), 
in consequence of exhibiting concentric circles, in their stems. On 
a transverse section, each zone or circle is usually seen to be separ- 
ated fix)m that next to it by a well-marked line of demarcation. This 
line, as in the Oak (figs. 99, 100), and in the Ash, is indicated by 
holes which are the openings of large porous vessels; the remainder 
of the tissue in the circle being formed by pleurenchyma, with 
thickened walls and of smaller calibre. In some trees, as the 
lime. Hornbeam, and Maple, the line is by no means so well marked, 
as the openings are smaller and more generally difiused; but there 
is usually a d^ciency of porous vessels towards the outer part of the 
circle. In cone-bearing plants, as the Fir, in which the woody layers 
consist entirely of punctated woody tissue (fig 47), without any 



large porous vessels, the line of separat 
chyma becoming dense and often 
coloured. In some kinds of wood, 
as Sumach, the zones are separated 
by a marked development of cellular 
tissue. The separation between the 
zones is said to be owing to the 
interruption in the growth of the 
tree during autumn and winter, and 
hence it is well defined in trees of 
temperate and cold climates. But 
even in tropical trees, the lines, al- 
though often inconspicuous, arc still 
visible; the dry season, during which ‘ 99 

many of them lose their leaves, being their season of repose. 

78 . Tlie woody layers vary in their texture at different periods. At 
first the vessels are pervious and full of fluid, but by degrees thicken- 
ing layers are deposited which contract their camd, and sometimes 
obliterate it. 'flie first- 
formed layers arc those 
Avhich soonest become thus 
altered. In old trees, there 
is a mai'ked division be- 
tween the central Heart- 
wood or Duramen (durus^ 
hal'd), and the external 
Sap-wood or A/lmrtmm 
((dbae, white); the former 
being liard and dense, and 
often coloured, 'with its 100 

tubes dry and thickened; >Yhile the latter is less dense, is of a pale 
colour, and has its tubes jiermeable by fluids. Tlie difference of colour 
between these two kinds of woods is often very visible. In the Ebony 
tree, the duramen, or perfect- wood, is black, and is the part used for 
furniture, &c.; the alburnum is pale: in the Beech, theheart-woodislight- 
brown; in the Oak, deep-brown: in Judas tree, yellow: in Guaiacum, 
greenish. The alteration in colour is frequent in tropical trees. In 
those of temperate climates, called white-wood^ as the Willow and Pop- 

Fi^. 09.-~-Horixonta1 section of tJic stem of an oak cl#:ht years oltL ft. Wood, showing wn- 
« jiitric circles or zon^ separated liy jKiints which correspond to the openlnir of the large porous 
or Botlircnchynitt. c, llark, shoaing alst) eight concentric (‘ireles, thinner and Jess 
uistlnct _ The wood and bark arc traversed by me<lullar\’^ rays, some of which extend fixon tim 
others reach only a certain way inwarda 

rig. 100.-^Uorieontfi] section of two woody bundles of Oork*oak. separate<1 from each other 
by the m^ulla^ ray, r m'. The two primaiT bandies are divided by secondary rays, r m" 
r r mw, which va^ in extent acxxntuiig to the period when they originated. Pith, e <■, 
Cellular envelope. />, Corky envdope, wU^ is highly devdoped ana exJubits several layers. 
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ter, XLo change in colour takes place; this is also the case in the Chest* 
nut and Bombas* The relative proportion of alburnum and duram^ 
differs in different trees* Duhamel says that in the oak, six inches in 
diameter, the aibumum and duramen are of equal extent; in a trunk 
one foot in diameter, they are as two to seven; in a trunk two feet in 
diameter, as one to nine. The heart-wood is more useful than the sap- 
wood, and less liable to decay. The wood of different trees varies much 
in its durability. Pieces of wood, inches square, were buried to the 
depth of one inch in the ground, and decayed in the following order: 
— -Lime, American Birclf, Alder, and Aspen, in three years; Willow, 
Horse-chestnut, and Plane, in four years; Maple, Red Beech, and Birch, 
in five years; Elm, Ash, Hornbeam, and Lombardy Poplar, in seven 
years; Robinia, Oak, Scotch Fir, Weymouth Pine, Silver Fir, were 
decayed to the depth of half an inch in seven years; while Larch, 
common Juniper, Virginian Juniper, and Arbor Vitce, were uninjured 
at the end of that time. 

79. iVom the mode in which the woody layers are formed, it is 
obvious that each vascular zone is moulded upon that which precedes 
it; and as in ordinaiy cases each woody circle Ls completed in the 
course of one year, it follows, that, W counting the concentric circles, 
the age of a tree may he ascertained. Thus fig, 99 represents an oak eight 
years old having eight woody layers, It, This computation can only be 
made in trees having marked separations between the circles. There 
are, however, many so\irces of feJlacy. In some instances, by interrup- 
tion to growth, several circles may be formed in one year, and thus le^ 
to an erroneous estimate. Care must be taken to have a complete section 
finom the bark to the pith, for the circles sometimes vary in diameter 
at different parts of their course, and a great error might occur fix>m 
taking only a few rings or circles, and then estimating for the whole dia- 
meter of the tree. When by the action of severe frost, and other 
causes, injury has been done to the tender cells from wliich the young 
wood is devdoped, while, at the same time, the tree continues to live, 
so as to form perfect woody layers in subsequent years; the date of 
the injury may be ascertained by cotinting the number of layers which 
intervene between the imperfectly formed circle and the bark. In 
1800, a Juniper was cut down in the forest of Fountainbleau, exhibiting 
near its centre a layer which had been ^ected by frost, and which was 
covered by ninety-one woody layers, showing that this had taken place 
in the winter of 1709. Inscriptions made in the wood become 
covered, and may be detected in after years when a tree is cut down; 
so also wires or nails driven into the wood. As the same develop- 
ment of woody layers takes place in the branches as in the stein 
of an Exogenous tree, the time when a branch was first given off 
may be computed by coxmting the circles on the stem and branch 
respectively. If are fifty circles for instance in the trunk, thirty 



in one branch, and ten in another^ then ^ tree xnnet have been 
twenty years old when it produced the first, and forty when it formed 
the other. 

80. In Exogenous stems the pith is not always in the centre. The 
layers of wood on one side of a tree may be larger than those on the 
other, in consequence of more full exposure to light and air, or the nature 
of the nourishment conveyed, and thus the pith may become excmtric. 
Zones vary in size in difierent kinds of trees, and at different periods 
of a plaut^s life. Soli wooded trees have usu^y broad zones, and bid 
trees form smaller zones than young ones. There are certain periods 
of a plant’s life when it seems to grow most vigorously, and to form the 
largest zones. This is said to occur in the oak between twenty and 
thirty years of age. 

81. Cambfaim^ — ^External to the woody layers, and between them 
and the bark, there is a layer of mucilaginous semifiuid matter, which 
is particularly copious in spring, and to which the name of Cambmm 
{camino, to change, from the alterations that take place in it) has been 
given (figs. 96, 97 c). In diis are afterwards formed cells, c^ed cam- 
bium cells, of a delicate texture, in which the protoplasm and primary 
utricle are conspicuous. These cells undergo changes, so as to assume 
an elongated fusiform shape, and ultimately l)ecomc thickened pleuren- 
chyma. So long as the primary utricle can be detected, they appear 
to be in an active state, and capable of developing new cells. This 
cambium layer marks the separation bet\veen the wood and the bark. 

82. Baric or Cortical (cortex^ bark) Srcteai, lies external to the wrood, 
and, like it, consists of several layers. In the early state it is entirely 
cellular, imd is in every respect similar to the pith; but, as the vascular 
bundles are developed, the bark and pith are separated, and the former 
gradiudly becomes altered by the formation of secondary deposits. 
Tlie bark consists of a cellular and vascular system. In tniis re^^ 
it rescjinbles the wood, but the position and relative proportion of thm 
two systems is reversed. In the bark the cellular system is external, 
and is much developed; wdiile the vascular is mtemaJ, and occupies 
comparatively a small space. The cellular portion of the bark con- 
sists of an extenial layer, or Epipklmim (ex/, upon, on the outside, and 

bark), and the cellular envelope, or Mmphlomii (fcwoVi middle); 
while the vascular system forms the internal portion called Liber^ or 
ETidcphkmm within). * 

88. The inner bark, or endophlomn (fig. 98 / c), is composed of elon- 
gated pleurenchyma mixed with laticiferous vessels and some cellular 
5 issue. It is separated fi:'om the wood by the cambium layer. Thepleu- 
l^chymateus tubes are thickened by concentric deposits in their 
interior, and thus they acquire a great degree of tenacity. The liber 
of the line tree and ofLepurandrasaccidora(aspeciesofAntiaris?), are 
used to form mats, cordage, and sacks; and the toughness of the fibres 



of tihe iBner bedi of flaicy hemp, and of many of the mettle and mallow 
tribe, xemd^ them fit fixr yarious maniifactaring purposes. The liber 
is sometimes called the hmt-layer^ from its uses. Occasionally it is 
continuous and unmtermpted, as in the Vine and Horse-chestnut ; at 
other times, as in the Oak, Ash, and Lime, the fibres are separated during 
the progress of growth, and form a sort of net-work, in tlie interstices 
of which the medullary rays are seen. The fibres of the lace-bark 
tree {Lagetta Imtearia) are dius formed. In fig. 
101, is represented baik of Daphne Lau- 
reola;/ indicating the woody fibres of liber, and 
r the medullary rays. Tlie eiidopIdoBum in- 
creases by layers on its inside, wliich Jure thin, 
and may be separated like the leaves of a book, 
and hence the application of the name liber. The 
term liber may be derived fi'om the fact of the 
imier bark being used for writing upon. 

84. The cellular envelope, or viesophksuni^ lies 
immediately on the outside of the liber. It con- 
sists of polyhedral, often j>rismatical cells (fig. 
98 to, s c), usually having chlorophylle, or green 
colouring matter, in their interior, but some- 
times being colourless and containing raphidcs. 
They are distinguished from those of the epi- 
phlmum by their form and dirwtion, by their 
thicker walls, their green colour, and the inter- 
cellular spaces which occur among them. This covering is usiudly less 
developed than the outer suberous layer, but sometimes, as in the. 
Larch and common Fir, it becomes very thick, and sepanites like the 
epiphloeum. In the cellular envelope laticiferous vessels occur. 

85. The EpiphUmm is the outer coveiing of the bark, consisting of 
cells which usually assume a cubical or flattened tabular form (fig. 98 
to, p). The cells have no chlorophylle in their interior, are jdaced 
dose together, and are elongated in a horizontal direction ; and thus 
they are distinguished from the cells of mesophloeum. In the progress 
of growth they become often of a brown colour. This covering may be 
composed of a single layer of tabular cells; but in some trees it consists 
of numerous layers, forming the substance chilled cork^ which is well seen 
in Qmpcua mber^ the Ck)rk-oak (fig. 106 p); hence the name s^erous^ 
or corky layer^ which is given to it. The form of its c<ills varies in 
some instances, being cubical at one part, and more compressed or tabu- 
lar at another, thus giving rise to the appearance of sei>arate layers. 
Ajfter a certain period (sometimes eight or nine years), the corky portion 
becomes dead, and is thrown off in the form of thic&h plates, leaving 

Fiff. 101.— Network formed by liber of Daphoe Laureola. //. Fibrous bondlea r r, Medullary 
rays. 



alayer of tabtilar oelkor On Uie extmor of the qpi- 

phiceum is situated the epideipais, which has dheady been described 
(f 47). It is formed of a layer of cells, which in woody stems serve 
only a temporary purpose, bd^ming ultimately dry, and being thrown 
off in the form of plates or shreds. 

86. The bark, in its increase, follows an order exactly the reverse of 
that which occurs in the woody layers. Its three portions increase by 
additions to their inside. The layers of liber owe their increase to the 
cambium cells, which, by their constant reproduction, mark the separ- 
ation between the vascular bundles of the wood, and the fibres of the 
endophloeum. Those layers arc often so compressed and united together 
as to be counted with difficulty, while at other times they are separated by 
rings of cellular tissue, and thus remain conspicuous. In the case of the 
cellular portions of the bark, there are also successive additions, sometimes 
to a great extent, but they do not usually exhibit any marked divisions. 

S7, As the additions are made to the woody layers on the outside, 
and to the berk on the inside, there is a constant distension going on, 
by which the bark becomes compressed, its layers of liber are con- 
densed, the fibres are often separated so as to form meshes (as in the 
lace-bark), its epidermis is thrown off, and the epiphlceum is either 
detached along >vith it, or, when thick, is ruptured in various ways, so 
as to give rise to the rugged api>earance presented by such trees as the 
Elm and Cork-oak. In some instances the bark is vitry distensible, 
and its outer cellular covering is not much developed, so that the 
suriace remains smooth, as in the Beech, 'fhe outer suberous layer 
sometimes separates with tlie epidermis, in thin plates or scales. In 
the Bircli, these have a white and silvery aspect. There is thus a 
continual destruction and separation of different portions of the bark. 
The cellular envelope and liber may remain while the epiphlceum 
separates, or they also may ])e gradually pushed off— the parts which 
were at first internal becoming external. In the case of some Australian 
trees, both the cellular and fibrous portions are detached in the form 
of thin flakes, and occasionaUy each annual layer of liber throws off 
that whicli preceded it. Tlu*. epidermis separates early, and no renewal 
of it takes place^ Tlicre is, however, an internal covering, which is 
formed of various portions of the bark. To this covering the name 
Peridmn around, and skin) has been given by MohL 

88. From the mode in whicn the outer layers of bark separate, it 
foUc^ws that inscriptions made on them, and not extending to the wood, 
gi'sdually fell off and disappear. A nail driven into these layers 
vUtimately falls out. In consequence of the continued distension of an 
exogenoiM stem, it is found tliat woody twining plants cause injury, by 
interrupting the passage of their fluids. A spir^ groove may thus be 
fomed on the smfiicc of the stem, by the compression exercised by a 
twining plant, such os honeysuckla From what has been stated rela- 
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tiv^ tbibe yAnxii take place inlke bail^ it be understood 

that it is often Sfficult to count its annoal layers, so as to estimate the 
age of the tree by means of them. This may, however; be done ii 
some cases, as shown at fig. 99, where there are eight layers of bark 
e, corresponding to eight woody layers, 5. 

89. iHedniiiurjr Rmya w Plates. — While the bark and pith becomi 
gradually separated by the intervention of vascular bundles, the con 
nection between them is kept up by means of processes called meduh 
laary rays (figs. 94, 95 r). These form the silver grain of carpenters , 
they communicate with the pith and the cellular envelope of the bark 
and they consist of cellular tissue, which becomes compressed and flat 
tened so as to assume a muriform appearance (fig. 102 7a 7*). At firs 
they occupy a large space (fig. 94 r) ; but as the vascular bundles in- 
crease, tliey become more and more narrow, forming thin lamin® oi 
plates, which separate the woody layers. On making a transverse or hori^ 
zontal section of a woody stem, the medullary rays present the aspect o; 
narrow lines running firom the centre to the circumference (figs. 99, IOC 
r 7»); and in making a vertical section of a similar stem through om 
of the rays, the appearance represented in fig. 102 will be observed 
where a medulla^ ray, m composed of flattened muriform cellf 



103 

passes from the pith, to the celliflar envelope, c e, crossing th 
tracheas of the medullary sheath, the ligneous tissue, Z, the porou 
vessels of the wood, 6, and the fibres of the liber, c f. The laminsB d 
not by any means preserve an uninterrupted course from the apex t 

Fig. 102.— VertiCBl section of a one-ycar old branch of Acer campostre highly magnifted, an 
extending from the pith to the bark, parallel to the meduUaxy raya m r, A mcdullaiy ray c 
Idate extending ftmn the pith, to the bark, c c, crossing tracheaa, ^ woody fibres, 1, poroi 
sessels, d, and cortical fibres, c/. 

Fig. 108.— Vertical section of the same branch perpendicular to medullary raya 1 WooC 
fibres which interlace, leaving spaces, m r, m r, m r, where the medullary rays pasa 



the base of the tree. 3^ are broken np hy the iiMiervention of woody 
fibres, as seen in a vefticai section of a woody stem (fig- 1Q8), perpen- 
dicular to the medullary rays mr^mr^ m r, which are separated by 
interladng woody fibres, I L , The medullary rays are usually continu- 
ous from the pith to the bark, additions being made to them as they 
proceed outwards. But, occasionally, secondary rays arise firom the 
outer cells, which pass only to a certain depth between the vascular 
bundles, as in the Cork-oak (fig. 100, r r ni'\ r w""). Medul- 
lary rays are conspicuous in the Cork-oak, Hazel, Beech, Ivy, Clematis, 
Vine, They are not so well marked in the lame. Chestnut, Birch, 
Yew. 


Anomalies in the Structure of the Exogenma Stem, 

90. The stemsof Dicotyledonous plantsoccasionallypresent anomalous 
appearances in the structure and arrangement of their wood, bark, and 
medullary rays. In pkce of concentric circles, there are sometimes only 
a few rows of wedge-shaped vascular bundles produced during the life of 
the plant, additions being made by the interposition of bundles of a simi- 
lar fand annually, resembling in this respect the formation of woody 
bundles in the early growth of herbaceous plants (fig. 95). In the 
Pepper tribe, Aristolochiaceas, and Menispermacece, these anomalous 
stems occur. In Gnetum (fig. 104), the vascular bundles, hhhhhbb^ 
form zones, which are each the produce of several years’ growth, and 
jire separated by layers, ll llll^ which may be considered as repre- 
senting different zones of liber. 

In some of the Menisper- , ^ j 

mum tribe, the separating lay- #././' 

ers are of a cellular and not mtin, 
of a fibrous nature. In Bimis- 
teria nigrescens (fig. 105), the 
young stem (1) presents a 
four-lobed surface; the lobes 
gradually deepen (2), and ulti- 
mately (3) the stem is divided 
into a number of separate por- 
tions, the central one of which 
alone exliibits pith andmedul- • 
laiy rays. The portions are 
separated by interposed cortical layers. 

3^y of the Malpighiacese, Sapindaceae, and Bignoniaceaa of Brazil, 
^ixhibit stems in which the woody layers are arranged in a very iiregu- 
iar manner. In the stem of CJalycanthus floridos, and of some Bra- 
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aaUan Sapindacea^ such as PauUmia pianata (fig. 106), Seijania tri' 
temata, and Selloviana, there is a cenl^ woody mass with from three 
to ten small secondaiy ones around it Each of the masses contains 
true pith, apparently oerived J&om the cortical cellular tissue, or from 
the original medullary centre. Gaudichaiid and Jussieu state that 
around these separate collections of pith, tliere is a meduilaiy sheath 
and spiral vessels. No annual rings have been deflected in the 
secondaiy masses, but meduUary rays exist, usually in their outer 
portion (fig. 106). In these anomalous Sapindaceie, the central and 
lateral woody masses are enclosed in a common bark, with a continu- 
ous layer of liber. Some have supposed that the laterd masses are 
undevdoped branches united together under the bark; but Treviranus 
considers them as connected with the formation of leaves, and as de- 
pending on a peculiar tendency of the vascular bundles to be devel- 
oped independently of each other round several centres. 



In some Bignoniace® (fig. 107), the layers of wood are divided in 
a crucial manner into four wedge-shaped portions by the intervention 
of plates differing in texture from the •ordinary wood of the plant, and 
probably formed by introversion, or growing inwards of the liber. In 
some Guayaquil Bignonias, Gaudichaud perceived first four of these 
plates, next eight, then sixteen, and finally thirty-two. In Aspido- 
spermum excclsum of Guiana, and in Heteropteiys anomala (fig. 108), 

Fiff. 105.— Horizontal section of stem of Banisteria nigrescens at different age& 1. Stem 
mesenting four roperflrial lo1)es. 2. Showing six deeper lobes, with intermediate divisions. 3. 
The lobes separated by cellular tissue the imddle one alone having pith and medullary sheath . 
The points indicate the orifices of porous vessels. 


the stem assumes a peculiar lobed and sinuous aspect, and hi some woody 
cjhnbing plants, pressure causes the stems to become fl$|il^eBiCd on the 
side next the tree on which they are supported, whs)e < iSxan 
twisted alternately in difierent directions, th^ present a remaifalde 



zigzag form, having the woody layers developed only on one side (fig. 
109). In Firs, the wood is occasionally produced in an oblique in 
place of a perpendicular manner, thus injuring the timber, and causing 
it to split in an imusual way. The young plants produced from the seed 
of such twisted-wooded firs, arq said to inherit the peculiarity of their 
parents. 


l ig. IOC. —Horizontal section of the stem of PauUinia pinnata, one of the Sapindacc® o* 
showinf? numerous secondary woody masses, surrounding a central one. Each of the 
<«parate masse.s has pith, often excentric, with a medullary sheath, containing spiral vessels, 
and a few medullary niys chiefly towards the circumference of the stem. 

r ig. 107.— lloriaontal section of the stem of Bignouia capreolata, showing the crucial division 
of the woody layers. 

l?ig. 108.— HorUontal section of stem of Heteropterys anomala, one of the Brazilian Mal- 
pl^io^, showing an irregularly lobed surface, liie dots indicate i>orous vessels. 

Fig. 109.— Fragment of a stem of a dirablng siwcles of Banistoiia (B. scantlens) showing the 
effects of compression. 
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EvidogeMm or Momcotyledarmis Stem, 

91. This kind of stem is composed of cells and vessels which are 
differently arranged from those of the Exogenous stem. The vjiscular 
bundles are scattered through the cellular tissue, and there is no dis- 
tinction of pith, wood, bark, and medullary rays (fig. 110). In the 

young state, the centre of the stem is occupied 
entirely by cells, which may be said to represent 
.pith, and around this the vessels are seen increas- 
ing in number towards the circumference. Tlie 
central cellular mass luis no medullary sheath. In 
some cases its cells are ruptured, and disappear dur- 
ing the progress of growth, leaving a hollow cavity 
(fig. Ill); but in general it remains permanent, 
and is gradually encroached upon by the develop- 
ment of the vascular s}'stcm. The latter consists 
of vessels arranged in definite bundles, which do 
not increase by additions to their outside after 
being once formed, although they are developed 
in a progressive manner. These biuidlcs may be 
considered as representing the vascular wedges, 
produced during the first year of an exogem)us 
stem’s growth (fig. 94). They consist of woody 
vessels enclosing some cellular tissue between 
them, spiral, and porous vessels. The outer part 
of the stem is not fonned by a separable bark, but consists of a dense 
mass of fibrous tissue, mixed with laticiferous vessels and cells. It is 
intimately connected to the inner part of the stem, without the inter- 
vention of medullary rays. 

92. On making a transverse section of a young endogenous stem (fig. 
112), there is observed a mass of cells or utricles, ti, of various sizes, 
often small in the vicinity of the vascular bundles, spiral vessels or 
trachete, large porous vessels, v laticiferous vessels, and woody 
fibres, fi resembling those of liber, thickened by iTitemail deposits. A 
similar section of a further advanced endogenous stem, as of a Palm 
(fig. 113), shows numerous bundles of vessels dispersed irregularly in 
cellular tissue; those near the centre, m, being scattered at a distance 
from each other, while those towards the outside are densely aggre- 
gated, so as to form a darkish zone, ft, and are succeeded at the circum- 
ference by a paler circle of less compact vessels, /, with some compressed 

Fi^. 110.~Part of the stem of Asparagos cat transversely, showing the vessels as points dis> 
tribnted through the cellular tissue. ^ Leaf in the form of a scale. 

Fig. IIL— Transverse section of stem of Fhragmites communis, or common reed The cc11n> 
lar tissue in the centre has disappeared, leaving a ilstular or hollow stem, with a ring of cells 
and vessels, the latter indicated by dots, n, Nude wli^c the fibres cross, so as to fonn a solid 
jpaitition. 
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cells, covered by an epidermis, e. The peripherical portion, I, differs 
from true bark, in not being separable from the rest of the tissue. It 
has received the name of /(Use bark, and consists of the epidermal cells, 



f, and what has been call<?d the cortical integument, L This portion 
< 3 f the stem is often ^’ery inconspicuous, but sometimes it is much 
developed as in Testudinaria elephantipcs, in which it is rugged, and 
is formed of a substance resembling cork in many respects. 

9/1. Mold stat(‘s that, in the stem of a Palm, there may be distin- 
guished a central r(?gion, a fibrous layer, and a cortical region; and 
the Slime divisions an* pointed out l>y llenfrey in the stem of Spar- 
ganium ramosuin and other monocotyledons. Tlie central portion, 
represcinting the pitli of dicotyledons, consists in Sparganium of 
spherical cells containing starch, while the cortical or outer portion is 
formed by irregular cells, wdiich are usually destitute of starch. 

1)4. It was at one time supposed that the woody portion of these 
sterns was increased by iiclditioiis to the centre, so that the first-formed 
fil)res were gradiuilly pushed towards the circumference by those which 
succeeded them, in the mimner represented in fig. 114, 1; hence 
the term Endogenous within, and yevpiu, I produce), meaning 
internal growth. But Mold showed that this was not strictly correct. 
For although the fibres connected 'with the leaves, in the first instance, 
are directed towards the centi^, and are therefore always internal to 
tliose previously formed, yet, when they are traced downwards, they are 


FIff. 112.-— Horizontal aectlon of a vaacular handle from the afem of a Palm (Corppha/Hffida). 
, or spiral veasela. v jt, Lar^e porous vesscla w, Colls or utilclus of varioiw kinds 

sutToimding the vessels, and forming the parenchj'ma. f, Lntioiferoua vesfMds. /; Fibres luiolo- 
^ous to those of liber, thickened by concentric deiMisits. 

Fig. 113. — ^Transverse section of part of the stem of a Palm (.4«froccrt7/aa) Murumura). w, 
Central or medullary i>ortlon In whidh the woody bundles are distant and scattered. 6, External 
woody portion, Svbere the tlbres are numerous and densely aggivgated, so as to fonn a dark 
zone. 1. Paler circle of more slender and less coinimct fibres, 'wliicli may be considered as analo- 
gous to liber. Cellular eiddcnnal i)ortion. 
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foimdBOt to coBtiQue in a paraUet; direction, but to arch outwards, so 
as ultimately to reach the circumference. Hence, the newly-formed 
fibres really become external at the base, although internal above. 
On making a vertical section of an endogenous stem, ^ of a Palm, 
there is observed an interlacing of fibres, similar to what represented 
1 2 in fig. 114, 2, where, four vas- 

cular bundles, abed, arc first 
if ti ^ ? directed towards the centre, and 

V / ^ V / ^ curve outwards towards the 

\ / \ X circumference, so that those last 

\ j \ I formed ultimately become external. 

\ I The term Endogenous, vrill, there- 

I fore, only apply strictly to the 

I fibres at the early part of their 

' , I course. On this account, the terms 

V / ^ ^ \ I y Endogenous and Exogenous liave 

f . >J \/ been recently discard^ by .many 

jf writers, the terms Monocotyledon- 

I 1 ous and Dicotyledonous being sub- 

I i stituted. The true distinction 

I 1 between Exogenous and Endogen- 

I I ous stems consists in this, that in 
6 j A I I 1 ^ former, tlie woody or vascular 

\ / \ I A bundles increase indefinitely at 

\ I fy /] their periphery, while in the latter, 

1 ^ I 1 they am arrested in tlieir transverst? 

I V \ 1 growth at a definite epoch, 
j I \ 1 95. The composition of the vas- 

I I \ ' cular bundles, in difierent parts of 

I \ their course, varies. Thus, at the 

^ y " N / 11/''^^ upper part, where they proceed 

I jfw \X from the leaves towards the centre, 

I / A A I contain spiral vessels, porous 

/ / 1 I \ with some celluljir tissue, a 

III \ 1 • laticiferous vessels, and woody 

' 1/1 In fibres resembling those of liber (fig. 

j 11] • 112). As the bundles descend, the 
1 ill 1 1 1 spird vessels disappear, then the 

114 ^ porous vessels, and when they have 

reached the periphery, and have become incorporated with it, nothing 
but fibrous tissue, or pleurenchyma, remains, forming by its division a 
complicated anastomosis, or net-work. Thus, at the commencement 


d et) in endogenous ntenia. 1. According to the old id(« of intcnial ch^velopment throughout the 
•tern. ft. According to the view of Mohl, who has shown that the fibres interlace, and that those 
which are at firat iiitenial, become external, lower down. 
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the bundles axie Jarge, but as they descend they usually b^me nioie 
and more attenuate In some instances^ however, sGs in Geroxylon 
andicola, they increase at different pa^ of their course, probably by 
interstitial growth, and give rise to irregular swellings of the stem, 
"ihis disteasion takes place occasionally at the base of the stem, as in 
Euterpe montana. 

9G. There are many herbaceous plants in this country, as Lilies, 
Grasses, &c., having endogenous stems, in which the course of the 
vascular btmdles may occasionally be traced, but there axe no British 
endogenous plants with permanent aerial woody stems. All the British 
trees ore exogenous. Illustrations of endogenous stems must therefore 
be taken from trees of foreign countries. Pahns furnish the b^t exam> 
pies. In them the stem forms a cylinder of nearly uniform diameter 
throughout. The leaves are produced from a single terminal and cen- 
tral bud, called a Phylhphor^ or Phyllogen^ a leaf, and I 

]>ear, or ytuvaa, I produce). Connected with the leaves are the vascu- 
lar bundles," and tlie bases of the leaves remain attached to the outer 
part of the stem, surrounded by the mattuUa or reticulum (T 57). 
AVhile the lcave.s produced by one bud decay, another bud is developed 
in the centre in a similar manner. As the definite vascular bunc^ 
are produced, the stem acquires increased tlnckness, but it is arrested 
in its transverse diameter at a certain epoch. The bundles, although 
developed progressively, do not multiply indefinitely ; and thus a 
Pahii-stein seldom becomes of great diameter, 

97. In consequence of this mode of fonnation, the outer part of a 
Palm-stem is the hardest and densest, and after acquiring a certain 
degree of solidity, it resists ail furtlier distensi<H 3 ^ and frequently be- 
comes so hal’d as to resist the blow of a hatchet^ It has already 
stated, tliat in the exogenous stem, provisiQif fr made for unlimited 
extension laterally, by the development of indefinite bundles of woody 
fibres and vessels, and the fonnation of a sepeupl>fe wliich can be 
thrown off ; but in the endogenous stem there is no such provision. 
Hence, when the first-formed pjut of the stem has increased to a cer- 
tain amount, its progress is stopped by the hard indistensible outer 
fibrous covering ; and the same tiling takes place with the other parts 
in succession, till at length all have acquired a comparatively uniform 
size, as is seen in the coco-nut jialm (fig, 115, 1). In consequence of 
th<^ small lateral increase of Palm-stems, a woody twining plant does 
less injury to them than to trees of exogenous growth. 

98. The growth of endogenous stems may be said to resemble the 
upward growth of Exogens by terminal buds only, for there is no cam- 
bium layer, and no periphencal increase. Hence, in Palms, the ter- 
minal shoot is developed, but there are no annual lings. The harden- 
ing of the stem depends, in all probability, partly on internal changes 
in the woody fibres, similar to what takes place in the heart-wood of 
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Exogena. Occasionally, at the upper p^ of a palm-stem there is an 
appearance of zones, but it does not continue iJiroughout the stem. 
From the absence of concentric circles, the age of a Palm cannot be 


estimated in the same way as an 
1 2 
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exogenous tree. Tlie elongation, 
however, of each species of Palm 
is pretty regular, and by it an 
opinion may be formed of the 
age. The rings on the surface 
of the stem are mot indicative of 
yearly growth. 

99. In Palms, there is in gen- 
eral no provision for lateral buds, 
and . no branches are formed. 
Hence, destroying the central 
bud will kill the tree. In some 
Palms, however, as the Doom 
palm of Eg 3 rpt (Oucffeta thchaica\ 
the stem divides in a forked or 
dicliotomous (lixot* two ways, 
and I cut,) manner. 

Gardner, in his travels in Brazil, 
noticed a Palm in which the cen- 
tre Bud had been destroyed, and 
two side ones had been produced, 
so as to give it a Ibrked appear- 
ance. Other plants with endo- 
genous stems, also produce lateral 
buds. In fig. lli>, 2, there is 
a representation of such a stem, 
in tlie case of the Screw-pine, 


{Pandamjts odoratmmivs)^ and examples are seen in Grasses, as the 
Bamboo, in Asparagus, Asphodels, and Draceenas. In these cases, the 
stem is conical, like that of Exogens, and the destruction of the ter- 


minal bud is not necessarily followed by the death of the plant. The 
development of lateral buds is accompanied often by an increased 
diameter of the stem. A Dracasna in the Canary Islands, has a hollow 


stem capable of holding several men ; ^ud the fact of its living in this 
state, is marked by Jussieu as an argument against the strict endoge- 
nous formation ; for, if the centre were the youngest and newest part, 
its destruction would put an end to the existence of the tree, in the 


Flff. 115.— Two endogenous or monocotylcdonous troes, belonging to tM-o clifTorent finmilics. 
1. C<x;o8 nucifera, or coco-nut« belonging to the Palm family. 2. Pundanus odoratlssimus, or 
screw-pine, belonging to Pandanaceu:. The itrst has a simple unhranched stem, with a cluster 
of leaves at the summit; the second has a branched stem, with numerous leafy dusters, and 
peculiar aerial roots, proceeding fvfm dlffemit parts of the stem. Two liuinun figures ore given 
to indicate the height of the trees. 
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same way as the removal of the outer payt of the wood would destroy 
an exogenous stem. The branches in such plants are formed on the 
same principle as the stems ; but their fibres, when reaching the stem, 
do not proceed to the centre, but ext^d outside the previous layers, 
between them and the outer false bark (fig. 113 ^ 6), and thus it 
is that they give rise to lateral increase. ‘ In Grasses, the stem 
or culm is usually hollow or fistular (fig. Ill), in consequence* of 
the outer part, by its rapid increase, causing the rupture and ulti« 
mate disappearance of the internal cellular portion. The fibres in 
some Grasses cross from one side to the other, forming partitions, as 
in Bamboo. 

100. In many Endogenous or Monocotyledonous plants^ the stem 
remains below ground, developing shoots which are simple^ as in 
Banana and Plantain, or branched, as in Asparagus. In the former, 
the stem above ground is an herbaceous shoot, composed of the 
sheaths of the leaves. It dies after fruiting, and is succeeded by 
other shoots from the subterranean stem. ITie shoots or buds from 
such stems occasionally remain below ground in the form of bulbs, 
as in Lihes. 

101. In some instances, the aerial stem has the usual endogenous 
structure, while the under-ground stem has the vascular bundles 
developed in the form of wedges, with cellular tissue in the centre, 
thus resembling some Exogens. The structure has been remarked in 
the Smilax or Sarsaparilla flimily. Lindley calls these plants Dictyogem 
i^Urvov, a net), from tlieir netted leaves, a character by which they 
iffer from other Endogens. llenfirey holds that the ring of woody 
fibres in Tamus and Smilax, is merely an alteration of the parenchy- 
matous cells of the periphery, and is not produced, as some have sup- 
posed, in the same way i\s the zones of Dicotyledons. He considers 
tlus ring as probably analogous to tlie liber, and not to the indefinite 
Vascular bundles of Exogenous stems. 

Acrogenous or Acotyledmous ^tem, 

102. This stem, in its general external ‘aspect, resembles that of 
Endogens. It is unbranched, usually of small, nearly uniform diameter, 
and produces leaves at its summit. It is easily distinguished by its 
interW structure. Tree FernS furnish the best example of this kind of 
.stem. In them it is denominated a StipCy or a Eachis^ and often attains 
the height of 120 feet (fig. 116). A transverse section of the stem 
(fig. 117) exhibits a circle of vascular tissue composed of masses, Z, 
of various forms and sizes, situated near the circumference; the centre, 
m, being either hoUow or formed of cellular tissue. On the outside 
of the vascular circle, cells exist, jo, covered by an epidermal layer or 
cellular integument, s, often of hard and dense consistence, formed 



origixially by the bases of the leaves, which Temsta for a long time 
att^ed .to the stem. . < 

108. The vascular bundles are formed 
simultaneously^ and not progressively 
as in the stem already noticed; and 
additions are always made in an up-* 
ward direction. The stem “then is 
formed by additions to the summit, 
and by the elongation of vessels already 
formed; hence tlie name Acrogenous, 
(dK^of, summit). The leaves unite by 
their bases to form the stem, and the 
arrangement of their vessels is traced 
into it. The vascula:)^ system is of 
greater density than the rest of the 
tissue, and is usually distinguished by 
the dark colour of the pleurenchyma 
(fig. 117/), which surrounds the |^er 
vessels in the centre (fig. 117 v v). 
The vascular bundles do not follow a 
straight course,^ but unite and separate, 
leaving spaces between them, similar 
to those seen in the liber of Exogens 
(fig. 101). 
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Rg. 116.— -Tree fern (Alsaphilaperroieiiana), of the East Indies. Stem or stipe is cylindrical, 
unbrancbed. and presents at its base, r a, a conical enlargemont, formed by a mass of adventi- 
tious roots. The leaves are terminal, and in tha young state are rolled up in a circinate 
manner. 

Fig. 117.— Transverse section of the stem of a The fern {Cyathea), m, Cellular tissue, corre- 
sponding to pith, occupying the central port z i. Vascular circle composed of numerous irregu- 
liu-ly-formed masses. /, Dark-coloured woody or prosenchymatons fibres, forming the bordm-s 
of the vascular masses, v o, Pale-coloured vessels, chiefly scali^cifinrm. occupying the centre of 
the masses, o, Parenchymatous or cellular external zone; often eommunicanng with the central 
portion, e. Bard epidermal envelope, occupying the place of the bark. 






ACBO0fiKOtTS OR AOOmMi<XS^ 

104. The acrogehpTis Bteir in the young staite is solid, bnt it fre- 

quently becomes hollow in the progress of growth, by the rupture and 
absorption of the walls of tlu* oeU^ in the centre. T3ie bases of the 
leaves remain Jong att tched, ultimately fall off, leaving marked 

scars which are at first close together, but often separate afterwards 
by interstitial growth. On these scarrf' or cicatrieea^ji^icatiriXf a wound), 
the markings of the vessels arc easily seen, arranged in the same man- 
ner as those of the stein with which tliey are continuous. The vascu- 
lar system of ferns consists chiefly of scalariform vesseb ^fig. 62), 
mixed witli annuJai’ (fig. 57), and |)orous vessels (fig. 98 ter). There 
fire no true trachoaj with fibres which can be unrolled. In the stems 
of Lycopodiacese, closed tracheae or ducts (T 34) occur; and in Equi- 
setaceas the rings of the annular vessels are closely united. 

105. The stem of Ferns is generaUy oCsmall diameter; it does not 
increase much laterally, after having been once formed, and it does not 
produce lateral buds. Sometimes it divides into 
two (fig. 118), by the formation of two buds at its 
growing point. This, however, is an actual divi- 
sion of the stem itself, and differs from the branch- 
ing of Exogc^nous and Endogenous stems. In the 
Ferns of thi.s country, the stems usually creep 
along and under the ground, and the leaves whicli 
they product* die annually mthout giving origin 
to an elevated trunk. In the common Brake 
{Pteris aquilma), the arrangement of the vascular 
system may lx* seen by malmig a transverse section 
of tli(» under-ground stem. The plant has receiv’ed 
its name aquilina^ from a supposed resemblance to 
a spread eagle, presented by the vessels when thus 
cut across. 

lOG. In some Thallogens^ which have been noticed as being stem- 
less, the thallu? or frond is supported by a stalk, in wliich there are 
concentric circles, with divisions in the form of rays, and a sort of 
pith. Tliese are all forms of cellular tissue, however, without any 
woody fibres. These appearan^ are presented by some large antarc- 
tic sea-weeds, species of D’Urvilleai suid by some lichens, as Usnea. 

107. There are thus three kinds of stems in the vegetable Idng- 
doiri;— 

1. — Exogmom or Dkotyledonom^ having a separable bark ; distinct 
' oncentric circles, composed of progressive indefinite vascular bundles, 
increasing at their periphery, the solidity diminishing from the centre 
towards the circumference ; pith, enclosed in a longitudinal canal or 

Flit 118.— Vertical section of part of the forked stem or stipe 'pf Alsophila perrotetiana m, 
CclUUar central portion, r Z, e ?, Vaacular aone, consisting of woody fibres and scalarifbnn 
vessels. The forking is caused by an actual dirtslon of the stipe. ^ 
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medullary sheajdij with^cdlukr prolongations in the form of medullar}’ 
rays. 

2. — Endogenous or MomcotyledorUm^ having no separable bark; no 
distinct concentric circles ; vascular bundles progressive and definite, 
not increasing at their periphery, the solidity diminishing from the 
oiicumference to the centre; no, distinct pith, no meduUaiy sheath nor 
medullary rays> the cellular tissue being interposed between the vas- 
'Citiar bundles.^ 

3. — Acrogenom or Acotgledonous^ having no separable bark; no con- 
centric circles; vascular bundles simultaneous, forming an irregular 
circle; additions being made to the simimit; no distinct pith, no medul- 
lary sheath nor medullary rays; conspicuous scars left by the bases of 
the leaves. 

Formation of the different paiis of Stems, and their special Fimctians. 

108. The stem bears the leaves and flowers, exposes them to tlie 
atmosphere and light, conveys fluids and Jiir, and receives secretions. 
Stems vary much in their size, both as regards height and diameter. 
Some oaks in Britain have a height of nearly 120 feet ; forest trees in 
France have attained to 120 and 130 feet, and in America even to 
150 feet; while palms are frequently stiU higher. The trimks of 
some Baobabs in Senegal {Adwisonia diyitata), are said to be 30 feet 
in ^ameter. 

109. Thep'/^ in its early state (fig. 94 p), is of a greenish colour, 

and contains much fluid, Avhich is employed in the nourishment of 
the young plant. After serving a temporaiy nutritive purpose, it 
becomes diy, or disappears by rupture and absorption of the walls of 
the cells which enter into its composition. The medullary sheath (fig. 
96 e m), keeps up a connection between the central parts of the stem 
and the leaves, by means of spiral vessels, whicli seem to be concerned 
partly in the conveyance of air. The medullary rays (fig. 97 m), 

preserve a communication between the bark and the pith. The cells 
of wliich they are composed, are concerned in the production of leaf 
buds, and they assist in the elaboration and conveyance of secretions. 
They have a direct connection with the cambium cells (fig. 97 c), or 
the cells between the wood and bark^ whose function is to aid in the 
formation of new wood. The bark (fig. 97 /c, e c, />), protects the 
tender wood, conve}rs the elaborated sap downwards from the leaves, 
and is the part in which many valuable products, such as gum, tan- 
nin, and bitter principles, are formed and deposited. The vascular 
bundles (fig. ^7 f I, v p), convey the sap from the root to the leaves. 
This function is carried on during the fife of the plant by the annular 
vessels and the porous vessels, as well as other kinds of spurious fibro- 
vascular tissue ; but in the woody fibres it ceases at a certain epoch, 
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in consequence of the tubes being filled up by secondary deposits, so 
as to form tlie perfect wood, which gives strength and stability to the 
stem. 

110. Considerable differonces of opinion have arisen on the subject 
, of th(? forma th»ri of wood. All agree that it cannot be properly formed 

unlass the leaves are exposed to air and light, but physiologists differ 
as to its mode of deposition. Sonui say that it is dl^osited in a hori- 
zontal, others, in a vertical direction. There seems” to be no doubt, 
that the cambium colls perlbrm an importiint part in the formation of 
wood, and that their fictiyky depends on the proper development of 
leaves. These formative cells, ^though most easily detected in exo- 
genous stems, apyH^tar also to be present in the other forms of stems 
which have been described. 

111. The early physiologists made experiments on exogenous stems, 
as being most o>.£isily procured. Hiey espoused the horizontal theoiy^ 
of deposition, and di8j)ut(‘(l as to the fonnation of cambium; somo 
maintaining tJint it was formed by the cells of the bark; others, by 
the central ctdJs of the stem ; and others, by both united; Duharael, 
l>y putting silver pl/ites l>etween the bark and wood, and Dr. Hope, 
by detaching portions of bark, endcavoiured to show that the bark 
alone was concerned in the fbrmatum of wood; while DecandoUe 
and oth<*rs were led to the conclusion, that both were concemt'd in 
the process of forming cambium, by means of which a layer of liber 
and a layer of wood was aimujdly produced. 

1 ] 2. Kniglit espoused what is called the vertical tlieoiy^, considering 
the wood as develoj^ed in a doivnward direction by the leaves, and in 
this view lie is supported by Petit-Thouars and Gaudicliaud. Tliese 
ph3^sio]ogLsts maintain that there are two vascular systems in plants, 
an ascending and descending ; the one connected with the leaf forma- 
tion, or the spiral vessels ; the other connected with the production 
of roots, or the Vfoody fibres — the cellular tissue being more especially 
conccined in horizontal development. Every bud is thus, according 
to them, an embryo phint fixed on the stem, sending leaves upwards, 
tmd roots downwaads. In Palms, Dracaenas, and other Endogenous 
stems, the peculiar manner in which the woody fibres interlace (fig. 
114, 2), favours the opinion that they are developed like roots, by 
additions to their extremities ; ^and this is also strengthened by the 
formation of adventitious or aerial roots, which burst through different 
parts of the stem in Screw-pines (fig. 115, 2), in the Banyan, imd in the 
Fig tribe in general. In Vcllozias and Tree Ferns, the surface of the 
stem is often covered with thin roots, protruding at various parts, and 
becoming so incorporated with the stem as to appear to be a part of 
it. In the IVee Fern, represented in fig. IIG, the lower part of the 
stem is enlarged in a remarkable degree by these fibres, so as to give 
it a conical form. In Exogenous stems, when ligatures are put round 
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the fitem, and indien pmiions of bark are removed, a swelling takes 
plaoe above the Wrt| ^ere the injury has been inflicted, thus appa- 
rently proving that tHe-hew matter is developed from above down- 
waim ' i ' 

118. Gaudichaud endeavourhf jto i^count for various anomalous 
forms of stems (figs. 105-108), b/0|WQSidering them as depending on 
the arrangement of the leaves, and onNfce mode in which the woody 
fibres are sent down from them. Thu^the four secondary masses 
surrounding the central one in the stem of Calycaflthus floridus, are 
traced to fi>ur vascular bundles from the leaves, penetrating the cellu- 
lar tissue of the bark, distinct from the central wood and fcom each 
other, except at the nodes, where the cross bundles unite them so as 
to form a ring round the central mass. New fibres are formed on tlie 
inner side of these bundles, and by degrees they assume a crescentic 
shape, while the horns of the crescent ultimately unite on the outer 
side (centrifugaUy), and enclose a portion of the bark, which thus forms 
a kind of spurious excentric pith, with numerous woody layers on the* 
inside, and a smaller number on the outside. Again, in Brazilian 
Sapindacesd (fig. 106), with five, seven, nine, or ten woody masses, 
the same thing is said to occur, with this diflerence, that the pith of 
each of the masses is derived fh)m the original medullary centre, 
portions of which are enclosed by the vascular bundles in a centripetiil 
manner, or from without, inwards. 

114. Treviranus states that the fibrous and vascular bundles de- 
scending from the leaves, are destined in general to unite around a 
common centre, but that they retain a certain degree of independence, 
and may be developed separately in some instances, giving rise to 
anomalous fasciculated stems. 

115. Gardner, from an examination of Brazilian Palms, adopts the 
vertical theory, and Lindley also supports it. It is strongly o])posed 
by Schleiden, Mirbel, Naudin, Henirey, and others, who consider the 
development of the vascular bundles, as proceeding fix)m below up- 
wards; in Dicotyledons, by peripherical production of woody and vas- 
cular tissue from cambium cells ; and in Monocotyledons, by a definite 
formation of woody and vascular bundles by means of terminal buds ; 
the hardening of tne stem depending on the interstitial changes which 
take place a&rwards in the woody filjres. 

116. A consideration of all the observations made on the formation 

of woody stems, leads apparently to the conclusion, that there is an 
ascending and descending axis in plants, and that each plant consists 
of one or more individuals, or ph0m8 a plant), as they are 

called by Gaudichaud and others, having both axes developed ; the 
Exogenous stem being formed by the original formation of two oppo- 
site phytons, the Endogenous by one: and that woody fibres are 
produced firom cells, which, in Exogens, are formed annually between 
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tlie wood and bark, as cambium colls; and, in Endogens, are devdoped 
in the internal parts of the stoi^. Proof seems, however, still wanting 
of the direction in the development of wood takes place in the 
former; while, in the latter, observations seem to be in &vour of a 
vertical formation, or' of additions of woody fibre being made in a 
downward direction, as in roots, thus following the course of the 
descending elaborated sap.* 

117. Tlie formation of wood depends mainly on the functions of the 
leaves being carried on properly, and this can only be efiected by ex- 
posure to air and light. The more vigorously the plant grows, the 
better is tlie wood produced. Experiments m^e in the British dock- 
yards proved that those oaks which had formed the thickest zones, 
yielded the best timber. Barlow's experiments at Woolwich, showed 
that a plank of quick-grown oak, bore a greater weight than a similar 
phmk of slow-growTi oak. 

118. In order that trees may grow well, and that timber may be 
properly formed, great care should be taken in planting at proper 
distances and in soil fitted for the trees. Firs ought to be planted 
Irom G to 8 feet apart, and hardwood trees for a permanent plantation, 
28 feet distant, the spaces being filled up with larch, spruce, or Scotch 
fir, according to soil and situation. Ilardw^ood is of no value till it has 
attained some age, while larch and spruce may be applied to use in ten 
or twelve years; and thus judicious thinning may be practised. 
Wien trees are set too close, their leaves are interrupted in their 
functions; many of them fiiU off, lea^dng the stems bare; the wood is 
irnp(*rfectly formed, and tlie roots are not sent out vigorously. When 
such plantations ai*e allowed to grow without being thinned, the trees 
are drawn up without ha^dng a hold of the ground; and when a por- 
tion of them is subsequently removed, the remainder is easily blown 
over by the wind. In thick plantations, it is only on the trees next 
the outside, where the leaves and branches are freely formed, tiiat the 
wood and roots me properly developed. Wlien a tree is fully exposed 
to air and light on one side only, it is frequently found that the woody 
zones on that side are largest. When trees are judiciously planted, 
there is a great saving botli in the original outlay and in the subse- 
quent treatment. Pruning or tlie shortening of branches, and the 
removal of superfluous ones ought to be cautiously practised. It is 
only applicable to young branches and twigs, and is had recourse to 
chieily in the case of fimit-trees when the object is to make the plants 
])? oduce flowers and fniit. If forest trees are properly planted and 
tiiinned, little pruning is required. 

♦ For ftUl details relative to the formation of wood, Gaudiuhaud, Kecherclies sui' TOrpano- 
praphie, Ai-c., Pnria, IMl ; Mlrla*!, Annalos des .Vienevh Natun'lles. 2tl series, tom. xx., &c*. ; Nau- 
ilin, do., 3d series, tom. i. ; HeutVey. Annuls of Natural Uistoiy, series, vol. i. 
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BOOT OB BE8CBVBIKQ AXIS. 

Structure of liooh', 

119. In the young state theTe is no distinction between stem and 
root, as regards structure; both being cellubir, and an extension of 
each other in opposite directions. In stemless pLints, as Tlndlogens, 
the root remains in a cellular state throughout the lile of the plants. 
The root is afterwiurds distinguished from the stem, by the want of 
a provision for the development of leaf-buds, and by increasing from 
above downwards. Some plants, however, as the Moutan Pajony, the 
Plum-ti'ee, Pyrus japonica, and especially Anemone japonicii, have a 
power of forming buds on their roots. The last-mentioned plant 
developes these buds on eveiy part of its extensively ramitying roc»ts, 
which may be chopped into numerous pieces, each cfipable of giA'ing 
rise to a new plant. Hie part where the stem and root unite is the 
collum or mck. In woody plants, the fibr(;s of the stern dcsc'cnd into 
the roots, and there is a similar intenial arrangement of woody layers, 
as is seen in the stem itself. 

120. Roots fue usually subterranean and colourless. Externally, 
tliey have a cellular epidennal covering of a delicate texture, some- 
times called epihlema 47), in which no stomata exist. Their in- 
ternal structure consists partly of cells, and partly of vascular bundles, 

in which there are no vessels >vitli libri s 
which can be unrolled. Roots do not ex- 
hibit true pith, nor a medullary sheatli. 
The axis of the root gives oft* branches 
which divide into radicles or fibrils (fig. 119), 
the extremities of which are coini)o>ed of 
loose sponge-like cellular tissue, and are 
called spongioks or spougckts. Over these 
a very tliiu layer of cells is extended, 
called, by Trecul, a Pileorhka (ir/xof, a 
cup, and a root). This sometimes 
becomes thickened, and separates in the 
form ofaeup, as in Screw-pines (fig. 115, 
2), and in Lycopodiums. Occasiomilly 
tlie extremities of roots arc enclosed in a 
.sheath, or ampulla^ as in Lemna. Cellular 
papillae and hairs are often seen in roots 
(fig. 77), but no true leaves. Roots do not 
grow throughout the whole length like stems, but by additions to their 

Fi;:. 119.— Tapering root of Malva rotuiulifolia, giving oflf brandies and fibrils. 
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extremities, which are constantly renewed, so that the . minute fibrils 
serve only a temporary pury^ose, and represent deciduous leaves. 

121. Roots, in some instances, in place of being subterranean, be- 
come aerial. Such roots occur in plants called Epiphi/tesj or air- 
plants (««•/, upon, and (pvTov, a plant, from growing on other plants), 
as Orchidacefie; also in the Screw-pine (fig. 115, 2% the Banyan (Fi- 
cus indica), and many other species of Ficus, where tliey assist in 
supporting the stem and branches, and have been called adventitiom or 
cdmon/wl. In Screw-pines, these aerial roots follow a spiral order 
of development. In Mangrove trees, they often form the entire 
support of the stem, which luis decayed at its lower part. The name 
of adventitious has also been applied to those roots which are formed 
where portions of stems md branches, as of the Willow and Poplar, 
jire planted in moist soil. Tliey appear first as cellular projections, 
into whicli the fibres of the stem are prolonged, and by some are said 
to j>roceed from leiiticels (^ 03). lliey frecjuently iirise from points 
where the epidermis has been injured. A Screw-pine in the pahn- 
house of the Edinburgh Botanic Garden, had one of its branches in- 
jured close to its union w'ith the stem. This branch was at the 
ilistance of several feet above the part where the aerial roots were in 
the course of formation. At the part, how'ever, where the injury had 
been inflicted, a root soon appeared, wliich extended rapidly to the 
earth, and now the branch is firmly sujiported. 

1 22. (jreeii-coiourecl aerial roots are frequently met with in endo- 
genous jdants. Such routs j)osscss stomata. In the Ivy, root-like 
processes are produced from the stem, by means of which it attaches 
itself to trees, rocks, and tvalls. In parasites, or plants which derive 
nourishment from other plants, such Dodder (Cwsctifu), roots are 
sometimes produced in tlie form of suvlcer.% which enter into the cellu- 
liir tissue of the plant preyed upon. 

123. When roots have been exposed to the Jiir for some time, they 
occasionally assume the functions of stems, losing their fibrils, and 
developing abnormal buds. Duhamel proved this experimentally, 
by causing the branches of a willovr to take root while attached to 
the stem, and ultimately raising the natural roots into the air. 

Forms of Boots, 

1 24. Ilie forms of roots depSid upon the mode in ivhich the axis 
descends and branches. Mlien the central axis goes deep into the 
;;round in a tapering manner, without divitling, a tep-root is pro- 
duced (fig. 119). This kind of root is sometimes shortened, and 
becomes succulent, forming the conical root of carrot, or x\\c ftsifotmt,, 
or spindle-shaped root of radish, or the najnforin root of turnip; or it 
ends abruptly, thus constituting the prvmorse (^prmnorsus,^ bitten) root 
of Scabiosa succisa ; or is twisttd,^ as in the contorted rout of Bistort. 



descei^^g a^ is ^resy i^^ and at once divides 
inl^ thii^ n equal fibrils, the root is called, jfi&rottf, "as in mbxxj 
grahiaes; when the fibrils become short and succulent, , the root is fascia 
cuhUedf asinEanunculusFicariaand Asphodelusluteus (fig. 120); when 
the sucoul^t fibrils are of unifi>rm size, and arranged like coral, the 
root is ^s&rxtUme^ as 'in ’■ CoraUorhiza inuata; when some of the fibrfis 
axe devdop^ in the form of tubercules containing starchy matter, as 
in Orchis, -the root is bj^berculat (fig. 121); when tha fibrils enlarge in 
certain pails ‘Only, the root 4s nodulose^ as in Spiraea Filipehdula (fig. 
122), or moniUfiirm^ as in Pelargonium triste (fig. 123), or mmhxtedj as 
in Ipecacuanha. ^ * 



126. Root of DicotyledoBOMs w ExoceBon* Plants. — In these plants 
tlie root in its early state, or the radicle as it is then called, is a pro- 
longation of the stem, and elongates directly by i^ extremity. It then 
continues to grow in a simple or branched state (fig. 119). From this 
mode of root development, these plants have been called Ex&rMzol 
(!{«, outwards, and a root), by I{ichaxd. In their after progress, 
these roots follow the arrangement seen in the woody part of the stem. 
In some cases, as in the Walnut and Horse-chestnut, there is a . pro- 
longation of the pith into the root to a certain extent. 

127. Root of monacptFledoBonB or Endogcnoi^s PkuiMtf-»In these 

Fig. 120.— Fasciculated root of Asphodelus luteus. 

Fig. 121.— TuborculM root of Orchia Several of the radical flbres retain their cylindrical form , 
while two are tnhercoles containing starcliy matter. ' 

Fig. 122.— Nodulose root of Spirsea Hllpendula. 

Fig. 123.— Moniliform root of Pelargonium triste. 



plants, the young root or r^icle pierces thevlower part of the a^ds 
(iig. 124 r),. is covered with a ceUular .sheath, c, and gives rise to 
numerous fibrils, r’ r' r' t\ which are similarly developed. These 
plants are therefore called by Bichard, Endorhizal (hUo^, within); 
and the sheath is denomiuated Cokorhiza (»o>ii6e, a sheath). In their 
after progress, they usually retain their compound character, con- 
sisting of fibrils, most of which often remain unbranched (figs. 120, 121). 
The fost-formed roots which surround the axis, if the plant is peren- 
nial/ gradually die, and others are produced in succession farther 
from the central axis. In Endogenous roots, the same structure is 
observed as in the stem. ITius, fig. 125 represents a section of a 



Palm root, composed of cellular tissue, porous vessels, v p, scalari- 
form vessels, v s, fil »rous or woody tissue, f, and laticiferous vessels, L 
Boots are pushed out from various parts of the stems of many Palms, 
and ultimately appear as part of the external integument. 

128. Koot or AcotyledonoHft or AcroKOMons Plant*.— In these plants, 
the yoimg root is a development of superficial cells from no fixed 
point, and they have been called ITeteroj'hizal diverse). In 

their subsequent progress, these roots present appearances similar to 
those "seen in the stem. They firequently appear in the form of fibres 
on the outer part of the stem, giying rise, by their accumulation at the 
base, to the conical appearance represented in fig. 1 1 G r a. 


i’lg. 124.—Graiii of >vheat gcmiiimtln)?. g, Tlie mass of the ^rraln. f. The youojr stem 
ning to shoot upvrards. r. The principal root of axis, f' r' r' /•', Lateral roots, covennl like the 
preceding, 'writli small hairs or threads, c c r, Coleorhiza or sheath, with which each of the roots 
is eove.i*ed at its base, w’hlk* piercing the superficial layer of tlie embryo. 

Pig. 125.— 'J'rapsvei*8e section of part of the root of u (Diphtiwminm MaHtimum), to show 
the mode in w’hich the cells and vessels are uirangcd. r jt>, l.«firge porous vessels sitiuited in the 
Interior, v «, Sualurlform vessels more external, and becoming smaller the tarthei* they are tt’ora 
the centre. /, Fibrous tissue, or elongated cells, uccoinpunyihg the vessela /, Groups of latiei- 
lerous vessels of dilferent siKcs, the larger being inside. 

F 
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Functicm of Boots. 

129. Boots fix the plant, either in the soil or by attachment to 
other bodies. They absorb nonrishment by a process of imbibition 
or endosmose (T 27^ through their spongioles or celluhu’ extremities. 
Hie experiment of Duhamel and Senebier, conducted by inserting at one 
time the minute fibrils alone into fiuid, and at another, the axis of the 
root alone, showed clearly that the cellular extremities were the chief 
absorbing parts of tlie roots. Hence the importance, in transplanting 
large trees, of cutting the roots some time before, in order that they 
may form young fibrils and spongelets, which are then easily taken 
up in an uninjured condition, ready to absorb nourishment. 

130. The dongation of the roots by their extremities, enables them 
to accommodate themselves to the soil, and allt>ws the spongioles to 
extend deeply without being injured. Boots in their latend extension, 
bear usually a relation to the horizontal spreading of the branches, so 
as to fix the plant firmly, and to allow fluid nutritive substances to 
reach the spon^oles more easily. It is of importance to pennit the 
roots to extend easily in all directions. By restricting or cutting tlio 
roots, the growth of the plant is to a certain degree prevented, although 
it is sometimes made to flower and bear fruit sooner than it would 
othei^se have done. The system of restrictive potting, formerly 
practised in green-houses, often destroyed the natural appearance of 
the plants. The roots filled the pots completely, and even raised the 
plants in such a way as to make the upper part of the root appear above 
the soil. 

131. To roots there are sometimes attached Voscr\'oirs of nourish- 
ment, in the form of tubercules, containing starch and gum (fig. 121), 
which are applied to the nourishment of the young plant. TIkjsc are 
seen in tlie Dahlia and in terrestrial Orchids. In epiph}iic Orchids, 
on the other hand, the roots are aerial, and the stems are much 
developed forming pseudo-bulbs. Upon the roots of Spondias tuberosa 
there exist roimd black-coloured tubcroidcs, about eight inches in 
diameter, consisting internally of a white cellular substance, whicli is 
full of water. These tubercules seem to be intended to supply water 
to the tree during the dry season. They are often dug by travellers, 
each of them yielding about a pint ofjluid of excellent qinility. 

132. Boots also give off certain excretions, which diller in different 
i^iecies. These are ^ven off by a process of exosmosc (f 27), and 
consist both of organic and inorganic matter. They were examined 
by Macaire and Decandollc, and at one time they were thought to be 
injurious to the plant, and by their accumulation to cause its deterio- 
ration. It was also supposed, that while they were prejudicial to the 
species of plant which yielded them, they were not so to otlicrs, and 
that hence a rotation of crops was necessary. Daubeuy and Gyde 
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liave found by experiment, that these excretions are not injurious, 
and it is now shown, that the necessity for rotation depends on the 
want of certain nutritive matters in the soil.* In very rich and fertile 
hnid, the same crop may be grown successively for many years. 

LEAVES Ain> THEIB ATPEVDAGES. 

StiHicture of Leaves. 

1 33. Leaves are expansions of the bark, .developed in a symmetrical 
manner, as lateral appendages of the stem, and having a connection 
with the internal part of the ascending axis. They appear at first as 
small projections of cellular tissue, continuous with the bark, and 
closely applied to each other. These gradually expand in various 
ways, acquire vascuhir tissue, and ultimately .‘issume their permanent 
form and position on the iixis. Tlioy may be divided into aerial and 
submerged leaves, the fbniicr being produced in the air, and tlie latter 
under water. 

134. Aerial licav<%ii. — ^llicsc IcN'ives consist of vascular tissue in the 
form of veins^ ribs^ or nerves^ of cellular tissue or parenehgma filling up 
the interstices bctw'ecn the veins, and of an epid^mal covering. 

135. The ViiMtiUir Mrnicm of the leaf is continuous with that of the 
stem, those vessels which occupy the inf ernal part of the stem becoming 
superior in the leaf, while the more external become inferior. Thus, in 
the upper part of the lesif, which may re* 
present the woody layers, ther*^ are spiral 
vesstds (tig. 12(5 /), annular reticulated or 
porous vessels, r, and woody fibres,/; 
w’hilst in the lower side, which may repre* 
sent the bark, there are laticifcrons ves- 
sels and fibres, resembling those of liber,./. 

There are usually two layers of tibro- 
vascular tissue in the leaf*, which may be 
separated by maceration. They may be 
seen in what are called skeleton kaveSy in 
which the cellular part is removed, and 
tlie fibro-vascular led. llie vascular 
system of the loaf is distributed through 
1 he celluhu* tissue in the form of simple 
or branching veins. 

♦ ITilfi subject is conAidcrod wlien the sowret^ wiiciuc phuits derive their uouiiahroent are 
treated o£ 

Mg. Bundle of fibro-vnscubir tlaiuie, passltig fnnn a Imuich, A, into a petiole,/?. The 
vchhoIr are first veitlcal, then nearly horl/ontal, but they continue to retain their relative 
tlen. Changes take nlu<*e in tin? slsse of the cells at the articulation a. / f, lYaclKW, in which 
can be unrolleiL v r, AiiuiUat' vessels. //, Woody tlbrea / /, Cortical tibivs, or dbnts 
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STKtJCiTCJBE OF LfiATES. 

186. He BpMmrtt (fig. 127 e Sj e i), composed of cells more or 
less compressed, has usually a difierent structure and aspect on the two 
sur&oes of Ihe leaf. It is dbiefly on the epidermis of the lower sur- 
face (fig. 128 6«), that stomata, s s, are produced, occupying spaces 



between the veins, and it is there also that hairs usually occur. In 
these respects, the lower epidermis resembles the outer bark ol' 
yo^g stems, with which it may be said to correspond. The lower 
epidermis is ofi;en of a duU or pale-green colour, soft, and easily de- 
tached. The upper epidermis (figs. 127 and 128 e s) is frequently 
smooth and shining, and sometimes becomes veiy hard and dense. In 
l^ves which float upon the surface of water, as those of the water- 
lily, the upper epidermis alone possesses stomata (f 56). On removing 
a strip of epidermis, part of the parietes of the cells below is often 
detached in the form of a green neMvork (fig. 129 p p), and on 

examination under the microscope, the 
stomata, s ,% arc seen communicating 
with colourless spaces. III, surrounded 
by green matter. 

j 137. The Pfirencfarina of the lojif is 
-p the cellular tissue surromiding the ves- 
sels, and enclosed witliin the epidennis 
(fig. 127 ps, pi). It has vSometimes re- 
ceived the names of Diachyma in 
the midst, and tissue), or Meno- 

phyllum (fchogf middle, and a leaf), or Diploe (J/^rAo/j*, a cov- 

ering). It is formed of two distinct series of cells, each (?ontmiiing 
chlorophylle or green-coloured granules, but differing in their fonn 



horizontal cells, /a, IntercbUulur jmswiffcs.' 11 , Lacun^, 

Fig. 128.^Slmilar section of the leaf of Halsain. The letters denote the same parts as in flir 
127. s s. Stomata. 


Fig. 129.-~.Strip of the lower epidermis, e of the leaf of rJalsam, showing a net-work fonned 
hy a wrtion of the parenchyma bdow, p p, being detadied. The s])uces of the net arc lacunie 
1 1 1, often correqwndUig to stomata, s s. ' 
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and arrangement. This Biay be seen on maMng a vertical section 
of a leaf, as in fig. 127. Below the epidermis of the upper side of 
the leaf, there are one or two layers of oblong blunt cells, placed 
perpendiculfirly to the surface (fig. 127 p s), and applied so closely 
to each other as to leave only sm^ intercellular spaces (fig. 127 wi), 
except wlien stomata happen to be present. On the under side of 
the leaf, the cells are irregular, often branched, and are arranged 
more or less horizontally (fig. 121 p leaving cavities between them, 
I 4 which often commimicate w'ith stomata (fig. 128 8 s). On this ac- 
count the tissue has received the name of cavernous. The form and 
arrangement of the cells, however, depend much on the nature of the 
plant, and its exposure to light and air. Sometimes the arrangement 
of the cells on both sides of the leaf is similar, as occurs in leaves which 
have their edges presented to the sky. In very succulent plants, the 
cells fonn a compact mass, and those in tlie centre are often colour- 
less. In some cases the cellular tissue is deficient at certain points, 
giving rise to distinct holes in the leaf, as in Dracontium pertusum. 

138. fjiabmergcd i^eares. — Leaves which arc developed under 
water differ in many points of structure from aerial leaves. They 
have no fibro-vascular system, but consist of a congeries of cells which 
sometimes become elongated and compressed so as to resemble veins. 
They have a layer of compjujt cells on their surface (fig. 130 p), but no 
true epidermis, and no stomata. The internal structure consists of 
cells, disposed irreguhirly, and sometimes leading spaces which are filled 
mth air for the piupose of floating the leaf (fig. 130 /). When ex- 
posed to the .'lir, these leaves easily part with their moisture, and be- 
come shrivelled and dry. In some instances there is only a net-work 



of filamentous-like cells formed, the spaces between which are not 
filled with parench 3 Tna, giving a i>eculiar skeleton appearance to the 
leaf, as in Hydrogeton or Ouviraiidra fenestralis (fig. 131). Such a 
leaf has been called fenestrate (Jhiestra, a window). 


Fip. 180.— Pei'pendicular aection throufrh a small iK)rtioii of the submerged loaf of Potamogeton 
pcrfoliutiiH. «, Parcnolmnu. /, l^neuna'. 

Fig. i:il-— Fenestrate leaf of Onvirandra fenesh'alia, ctnniKxsod of vascular tissue, without inter- 
vening cellular tissue or diacliynui. 






iu j^eral, /whether aerial or submerged, consists of a 
poriiou (fig. 132 /), called the bkuky Umb^ or hmmr 
^ a part, and a frond), of a narrower portion 

sailed ^i^pdiole {pedolm^ a little foot or stalk), Btalky otpeUolary merithal 

(fig. 132 p), and sometimes of a portion 
at the base of the petiole, which forms a 
^eaUi or vagina (fig. 132 gy, or is de- 
veloped in tlie form of let^ets, called 
stymies (fig. 191 s). The sheathing por- 
tion or ragifia ma*kltal is sometimes 
incorporated with the stem, and has 
been called Tigdlamj {tige, Fr., a stem 
or stalk), l>y Gaudichaud. These por- 
tions are not always present. Ibe 
sheathing, or stipulary portion, is frt;- 
quentlj awanting, and ocaisionally only 
one of the other two is developed 
When a leaf has a distinct stalk it is called petiolait; when it has nonc^ 
it is sessile (sessiUs^ from sedeo^ I sit). Wlien sessile leaves embrace 
the stem, they are called ample:mcaul (amphetor, I embjfice, and mulky 
a stem). The part of the leaf next the petiole or the axis is its basej 
while the opposite extremity is the apex. The surfaces of the leaf are 
called the pagina* (^paginay a flat page), and its edg(*s or mm*gins ft»rm 
the circinmcHptim of the leaf, TJie leaf is usually horizontal, so tJiat 
the upper pagina is directed towards the lieavens, and the loiver pagiiia 
towards the earth ; but in many cases loaves are placed vertically, avS 
in some Australian Acacias, Eucalypti, Ac. ; in other inst^mces, as in 
Alstrdmeiia, the leaf becomes twisted in its course, so that what is 
superior at one part becomes inferior at another. 

140. The upper angle formed by the leaf w^ith the stem is called its 
QxU {axilloy arm-pit), and every thing arising at that point is called 
axilkiry,- It is there that leaf-buds (^ 178) are usually developed. 
The leaf is sometunes articulated with the stem, and when it falls off 
a scar or dcatricukt remains ; at other times it is continuous with it, 

■ and then decays gradusdly, while still attached to the axis. In their 
early state all leaves are continuous with the stem, and it is only in 
their after-growth that articulations a^e formed. When leaves fall 
off annually, they are called deddmus; when they remain for tw^ 
dSr more years, they are evergreen. The laminar portion of a leaf is 
occasionally articulated with the petiole, as in the Orange (fig. 185), 
and a joint at times exists between tlie vaginal or stipulary portion 
and the petiole. 

Fig. 132.-^Ijoaf of Polygonum Hydropiper, with n portion of the stem hearing it f, Linih 
lamina, or blade, j?, Petiole or leaf-stallL, g. Sheath or vagina, embracing the atcin, and ter- 
niinated by a fringe. 
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Distrtbvtim of the FietVw, or Vemxtim of Zfecxl^. 


141. Hie distribution of the veins has been called 8C^€ 

times Nervation, In most leaves this can be easily traced, but i 
the case of succulent plants, as Hoya, Agave, and Mesembryanthemun 
the veins are obscure, and the leaves are said to be Jauldm-vdm 
(figs. 171, 172). In the lower tribes of plants, as sea-weeds, and i 
submerged leaves, there are no true veins, but only oondensadons < 
elongated cellubir tissue, and the term Veinkss {avenm) is appliec 
In an ordinary leaf, as that of LUac or Chestnut, there is observed 
central vein larger than the rest, called the mdrib (fig. 133 m); th: 
gives off veins laterally (prinutry veim\ ns ns »s, which either end in 
curvature within tlie niaipn, as in Lilac (fig. 133), or go directly t 
the edge of the loaf, Jis in Oak and Chestnut (fig. 134). If th<y are 
curved, then external vtiins and mat*giiial veinlets are 
interspersed tluough the pfuenchyina external to the 
curvature. There are also other veins of less extent 
{costal veins) given off by tlm midrib, and these give 
origin to small veinkts. In some cases, as Sycamore and 
Cinnamon, in place of there b<»ing only a single central 
rib, there Jire several wJiicli diverge fi*om the part where 




134 
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Fiff. 133.— iHsaf of Belladonna. Petiole or leafstalk, nm. Midrib, nsusnsy Priauuy 
veine, endiiic in cur\*ature8 at tlielr extromitits. 

pinnatiflcl or divided into lobes in a pinnate manner; feather- veined, 
the veins going directly to the margin. 

fig. ia5.--L(!af of Banana, showing midrib and primary veins running parallel and in a curved 
manner to the margin. No roticulution. Plant monocotylcdonoua 
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** the blade joins the petiole or stem. Thus, the primary veins give ofi* 
secondary veins, and these in their turn give off tertiary veins, and so 
on, until a complete net-work of vessels is produced. To such a dis- 
tribution of veins, the name of EeticulaM or Netted venation has 
been applied. 

142. In the leaves of some plants there exists a central rib or mid- 
rib, with veins running nearly parallel to it from the base to the apex 
of the leaf, as in grasses (fig. 194) and Fan palms; or with veins com- 
ing off from it throughout its whole course, and running parallel to 
each other in a straight or curved directipn towards the margin of the 
leaf, as in Plantain and Banana (fig. 135). In these cases the veins 
are often united by cross veinlets, which do not, however, fomi an 
angular net-work. Tliese are called Parallel-vmned. 

143. Leaves may thus be divided into two great classes, according 
to their venation — Retiadated or netted leaves^ in which there is an 
angular net-work of vessels, as occurs generally in the leaves of exo- 
genous or dicotyledonous plants; and Paralkl-veined^ in which the 
veins run in a straight or curved manner from base to apex, or from 
the midrib to the margin of leaf, and in which, if there is a union, 
it is effected by transverse veins which do not fonn an ang^ilar net- 
work. Tliis kind of leaf occurs commonly in endogenous or monocotyle- 
donous plants. 


144 ^TaBULAB ABRANGBAtENT OF VeNATION. 

A. — ^Reticulated Venation. 

I. UnkostaU (unuSf one). A single rib or costa in the middle (midrib). 

1. Primary veins coming off at different points of the midrib. 

а. Veins ending in curvatures within the margin (fig. 133), and forming 

what have been called trtie netted leaves (Lilac). 

б. Veins going directly to the margin (fig. 134), and forming feather- 

veined leaves (Oak and Chestnut). 

2. Primary veins coming off along with the midrib (fig. 143) from the base 

oftheleaf. ^ ^ '.by 

II. MvUicostate (muitus, many). More than one rib. In such cases there 

are frequently three {tricostate% as in fig. 162 ; or five {quinquecos- 
tate^f as in fig. 158. AntlK^rs usually give to these leaves the 
general name of costate, or ribbed. 

1. Comostate {con, together, custo, a rib). Ribs converging, running from 

base to apex in a curved manner, as in Cinnamon. Lanrus Cinna- 
momnm(fig. 158). There is occasionally an obscure rib running close 
to the edge of the leaf, and called intramarginal, as in the Myrtle. 

2. DiscostaU {dis, separate). Ribs diverging or proceeding in a radiating 

manner; this is called radiating venation, and is seen in Sycamore, 
Vine, Geranium (figs. 144, 146). 

B. — ^Parallel Venation — ^The term parallel is not strictly applicable, for the veins 
ofton proceed in aradiating manner, but it is difilcult tofind acompre- 
TT • hensiveterm. This venation may be characterised as no^re^icti&ited 
L Veins proceeding from midrib to margin, usually with convexity towards 
the midrib, as in Musa and Canna (fig. 135). 
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IX. Veins proceeding from base to apex. 

. 1 . Veins more or less convergent (%. 173), as in Iris, Lilies, GrassesCfig. 194 ). 
2. Veins more or less divergent, as in Fan Palms. 

To this may be added the venation common in Ferns where the veins divide 
in a forked manner. This venation has been called Furcate (Jurca^ a fork). 


Forms of Leaves. ' • 

145. Leaves have been divided into simple and compmind. The 
former have no articulation beyond the point of their insertion on the 
stem, or consist of one piece only, which, however, may be variously 
divided (figs. 13C, 137, 138, &c.). Tlie latter have one or more artic- 



ulations beyond tlie point of their insertion on tlie stem, or consist of 
one or more leaJlets (fuliola) separately attached to the petiole or leaf- 
stalk (fig. 141). In tlie earliest stage of growth all leaves are simple 
and undivided, and it is only during the subsequent development 
that divisions appear. The forms which the difierent kinds of simple 
and compound leaves assume, « are traced to the character of the 
vi uation, and to the amount of parenchyma produced. ^ 

146. simple lieavM. — ^When the parencliyma is developed symme- 
trically on each side of the midi'ib or stalk, the leaf is equal (fig. 149); 
if otherwise, the leaf is unequal or oblique (fig. 136), as in Begonia, If 
the margins are even and present no divisions, the leaf is entire (m- 


Hk. lSa.~.Leaf of UlnmH ofl\iKa. KeUcnlated venation; iirixnAn' veins ffolnjr to the margin, 
which is wrrated, Leafunegual at the bjwcn 
— Plnnatifld leaf of Valeriana diotca. 

Vig. 138.—Bipinnatifid leaf of Papaver Argemone. Fcatlier-%*eined. 
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ss m figs. 149 and 150; if there are slight projections of celluhir 
or^vascular tissue beyond the margin, the leaf is not entire (fig. 136); 
when the projections are irregular and more or less pointed, the leaf 
is dentate or toothed (fig. 155); when they lie reg^rly over cjich 
other, like the teeth of a saw, the leaf is serrate (figs. 136, 154); when 
they are rounded, the leaf is cremte (fig. 159). If the divisions extend 
more deeply than the mar^, the leaf receives different names accord- 
ing to the nature of the segments: tlius, when the divisions extend 
about half way down (figs. 134, 144), it is ckfi (Jissu8)y and its segments 
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are called {Jissuray a cleft); when the divisions extend nearly 

to the base or to the midrib (fig. 170), the leaf is partitCy and its 
segments are called partitions, 

147. These divisions take place in simple loaves exhibiting differ- 
ent kinds of venation, and thus give rise to marked forms. Thus, if 
they occur in a featlier-veined leaf (fig. 137), it becomes either /an- 
natijid (pinmy a wing or leaflet, and ^jissiiSy cleft), when the segments 
extend to about the middle and are broad; or pectinate {pectaiy a 
comb), when they are narrow; or 2 >innatipartitey when the divisions ex- 
tend nearly to the midrib. Hiese primjiry divisions may be again sub- 
divided in a similar manner, and thus afeathei^-veined leaf wUl become 
bipmnatifid (fig, 138), or bipinnatipartite; and still fuither subdJidsions 
give origin to tripinnatijid and laciniated leaves. If die divisions of a 
pinnatifid leaf are more or less triangular, and arc pointed downwards 
towards the base, the extremity of the leaf being undivided and tri- 
angular, the leaf is rundnate (mnebmy a large saw), as in die Dande- 
lion. "Vnien the apex consists of a largo rounded lobe, and the divi- 
sions, which are also more or less rounded, become gradually smaller 
towards the base (fig. 139), as in Barbarea, the leaf is called bfratey 
from its resemblance to^ an ancient Ijrc.* TVlien there is a concavity 

Fiff. l^O.—Lyrnf c leaf* of Barbarea, 

Fig. 14<). -Patidurifonn, afiddlo-aliaped loaf of Rumex pulchcr. 

i-'ig. 141.— Conipound leaf; ternate, the Icafleta being oticordatc. 

Hg. 142.— Compound leaf; quatemate, the leaflets being rutundatc-ciineifonn, or vedge- 
slimd with rounded apices. 

Fig. 143.— Two-lobed leaf, somewhat cordate at the base, emarglnate, and mneronate. 

144.~~ralmate leaf, the divisions acute and serrated at their margiua It^ating venu- 

\ * Under the term lyrate, some include compound pinnate leaves in which the several pinnee 
are united at the apex efl* the leaf, and tlie others become gradoiUly smaller towards the base. 
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on each side of a leaf, so as to make it resemble a violin, as in Rumex 
pulcher (fig. 140), it is called panduriform (T»»^ov^eh fiddle). 

148. The same kind of divisions taking place in a simple leaf 
with radiatiiiff venation, givers origin to the terms lohed or chfi 

^ (figs. 174, 14t;), T^fien the divisions extend about half-way through 
the leaves : and thus thejy may l>e three-lobedf fivedohtd^ seem- 
lobed, iuan(f4ohed; or, ttijid^ qum^uefidy sepimfid^ multifid^ according 
to the number ol‘ divisions. The name of palmate^ or jHilrmtifid 
(fig. 144), is* applied to leaves with radiating venation, in which 
there are several fissures united by a broad expansion of parenchyma, 
like the palm of the hand, as in Passion-flower and Rheum palma- 
tum; while digitate (digitus, a finger), or digitipartite, includes It^javes 
ill which there are deeper partitions, five in number, like the fingers, 
fis in Janipha ; and dmerfed applies to leaves witli radiating venation, 
having nmnerous narrow divisions, as in Genmiura dissectum. When 
in a radiating leaf there are three primaiy partitions and two lateral 
ones spreading and forming divisions on their inner margin only, as 
in Helleborus (fig. 170), the leaf is called pedate or peibitijid (pes, sl 
loot), fr<jm a fancied resemblance to the claw of a bird, 

149. In all the instances already alluded to, the leaves have iKien 

considered as flat expansions in which tlie ribs or veins spread out on 
the same planes with the stalk. In some cases, however, the veins 
spread at right angles to the stalk. If they do so equally on all sides, 
and are united by parencbyina, so that the stalk occupies the centre 
(fig. 14.')), the leaf becomes orbicular (orbi^, a circle), as in Ilydrocotyle ; 
if un<.*(jually, so that the stalk is not in the centre, the leaf is peltidc 
(pelta, a buckler), as in the 
Castor oil plant (fig. 140), V 

Theedges or margins of or- ' V ^ 

lucular and peltate leaves 
fire often variously divided. 

150. It is impossilde to 
notice all the forms of i 
leaves without exceeding' 
due limits. The following 
are enumerated as the 
most important. Wlion 
the veins do not spread 
ont, but run from the Iwise 
to the apex with a naiTow 
strip of parenchyma, the leaf is lit^ar or actcular (fig. 147), as in 

mln& 145.— -OrbicuJar leaf of Ilydrocotyle vulgarla Radiating venation, p, Petiole. I La- 

Flfr 146,— Peltate leaf of Ricinns communia, or Castor oil plant Radiatini; venation, p, Petiole 
or leaf-stalk. 1. Lamina or blade. r* « -r 

Fig, 147.— Linear, or acicular leaf of Fir. 
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P&es and Firs. ,When the veins diverge, those in the midi 
bding longest, and theieaf tapering at each end (lig. 166), it becon 
lanceolate {kmcea, a spear). If the middle veins only exceed the othi 
slightly, and the ends are convex, the leaf is either rounded {rotu 
datm)j as in fig. 164, eHipticed (fig. 162), oml (fig. 149), or oblong (f 
150). If the veins at the base are longest, the leaf is ovate or eg 
shaped, as in Chick-weed (fig. 152), and if those at the apex a 
longesty the leaf is obovate, or inversely egg-shaped. Leaves lU'e cunef 
(cuneusy a wedge) or wedge-shaped, in Saxifraga (fig. 155); spathula 
or sp4itula-like, having a broad rounded apex, and tapering down 
tlie stalk in tlie Daisy (fig. 148); subulate (fig. 167), 
or narrow and tapering like an awl {suhula)\ acu- 
mnaie, or dra^vn out into a long point, as in Ficus 
religiosa (fig. 159), mucronate, with a hard stiff point 
or mucro at the apex (figs. 160 and 143). When the 


148 149 150 151 152 153 154 

parenchyma is deficient at the apex so as to form two rounded lobes, 
the leaf is obcortMe or mversely heart-shaped ; when the deficiency 
is very slight, the leaf is called emargimte (fig. 143) as having a por- 
tion taken out of the margin ; when the apex is merely flattened or 





FiK- 14t.~Oval leaf: H®. loa-Oblong leaf. 

Hff. 151.— 1 etiolated, reticulated, iMiinewliut oblonj? leaf, truncate at die base ” 

. • . • . Hg-m-CorSate pointed le«t 

Hk. IB4.— OTOto-lanceototc leat u lanceolate In it. seneral rontonr, but ovate at the base 
doubly serrated, or having large and small serratures alteniately ut ^ rnarcfii 
a..d an abrupt or truneate manner, 

‘'‘® ontbeoppedte 

S^* i- depressed at the apex. Margin sllghtlv waved. 

Fig. 15a— Ovate, five-ribbed leat . «. 

^K^®^--Kounded acuminated leaf of Ficus religiosa, with the margin crenate or slightly 

Fig. 100.— Sub-ovate, retuse, mucronate leat 
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slightly depressed (fig. 157), the leaf is r^se (returns^ blunt); atid 
when the apex ends abruptly in a straight margin, as in the Tulip 
tree (fig. 103), the leaf is 
truncette. When the vena- 
tion is prolonged down- 
wards at an obtuse angle 
with the midrib, and round- 
ed globes are formed, as in 
Dog-violet, the leaf is cor- 
dote or heart-shaped (fig. 

153), or kidney-.shaped {reniform) when the apex is rouiiclcd (fig. 
101), as ill Asarum. When the; lobes are prolonged downwards 
and acute (fig. 105), the leaf is BtjgiitaU (sagitta^ an arrow); whf*n 
they proceed at right angles, as in Kuinex Acetosella, the leaf is hastate 
(hastily a lialbert) or halbert-shaped. When a simple leaf is divided 
at the base into two leaf-like ap^Xindages (fig. 109), it is called amicu- 
late {auricula^ the ear). When the v€uns spread out in various planes, 
and there is a large development of cellular tissue, so as to produce a 
succulent lejif, such forms occur as conical^ 2 >mmatical^ ensijhna or 
sword-like {emis^ a sword), (icinaclform (acinaces^ a scimitar) or scimitar- 
shaped (fig, 172), and doktbnjorm (didahra^ an axe) or axe-shaped 
(fig. 171 ), WIioii the development of cells is such that they more than 
fill nj) the s])aces l)etween the veins, the margins become wmry^ crisp^ 



or nmhdated^ as in Rumex crispus and Rheum undulatum (fig. 174). 
Ry cultivation the cellular tissue is often much incre^jsed, giving rise 
to the curled leaves of Greens, Sa^uys, Crosses, Ix^ttuco, &c. 

151. Compound are those in which the divisions extend to 


Iff. ifii.- 
i iff. nw.- 
Klff. KW.- 
Fiff. V\4.- 
Fiff. im.- 
Fiff. IIW.- 
Fiff. 1«7. 
Fig. nis.- 
Fig. 


or kldncy-shaptMl entin? leaf of Asanim. Rs«iiatii»g venation. 

■Fliiptioul and somewhat laneeohite leaf; 
lhre.e-lohod, tniiuvitc, r)r abrupt leaf of Liriodendron tiilipifcra. 

-liimiuled entire leaf, ending in a short point. 

-Sagittate or armw-shape*! leaf (»f Sugittuiia. 

■Lanceolate, aeute leaf, with minute ti'Oth or dentations at the margin. 

Subulate #r awl-shnped leaf. 

Wmrl or verticil of liiiear-obovate leaves. 

Auneulate iunecolatc leaf, oblique at the base, with minute tootliiiigs at the margin. 
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the mdrib, ox petiole (fig. 175), and receive the name of foliala or 
kqfhis The midrib, or petiole, has thus the appearance of a branch 



with separate leaves attached to it, but it is considered properly as 
one lea^ because in its earliest state it arises from the axis as a single 
piece, and its subsequent dhdsions in the form of leafitrts are all in 
one plane. Wlicn a compound leaf dies, it tLSiially separates as one 
piece. The leaflets are either sessile (fig. 17G), or have stalks, called 



petiobiks (fig. 175), according as iSie vascular bundles of the veins 
spread out or divaricate at once, or remain united for a certain lengtli. 

P’ig. 170.— Pedate or pedatifid leaf of IIellel>ore. Radiating venation. 

Fig. 171.— Dolalniform or axe-aliaped fleshy sttoculent leaf. Hidden-veined. 

Fig. 172.— AclnacifoT-m or Briinitar-shujied succulent leaf. lliildun-vcinetL 

Fig. 173.— Oval leaf ^'itli converging veins; not reticulated, 

Fig. 174.— Polrnately-lobed leaf, crisp or undulated at the margin. Radiating venation. 

Fig. 17fi. — IjCaf of Kuldnia pseudo-acacia, often called Acacia. 'I'lie leaf is iiniiari-pinnato, I'.r 
alternately pinnate. The pinn.'c are supiwrted on stfilks or petioiules. /j, Petiole or leaf-stulk. 
I, Lamina or blade divided into sepiinite i(»iflets or pinna*. 

P'ig. 170.— Scptcuatc leaf i)f ACseulus Ili]>]H>custanuni or Horse Chestnut, j/. Petiole. I, Laniixui, 
divided into seven separate leaflets 
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152. Compound leaves have been classified according to the natora 
of the venation, and the development of parenchyma. In a featheiv 
veined leaf, if the divisions extend to the midrib, and each of the 
primaiy veins spreads out or branches so as to become covered with 
parenchyma, and thus form separate leaflets, which are usually articu- 
lated to the petiole or midrib (fig. 177), the leaf is jmnaie {jiinna^ a 
wing or feather). If the midrib and primary veins are not covered 
with parenchyma, while the secondartf (or those coming off in a feather- 
like manner from the primaiy veins) are, and separate leaflets are 
thus formed which are usually articukited with the veins, the leaf is 
hipmnaie (fig. 178). In this case the secondary veins form as it were 
partial petioles. A farther sub-division, in which the Urtiary veins 
only are covered with parenchyma and liave separate leaflets, gives Iri- 
jnrmate or decmnpmnd^ in which case, the tertiary veins Ibrm the partial 
petioles; and a leaf divided still more is called supradeconipound (fig. 
179). 

153. Wlien a pinnate leaf has one* pair of leaflets, it is umjugate 
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{unutny one, and jitgmn^ a yoke^ when it has two pairs, it is hi'pigate; 
many pairs, 7tmltijugate (fig. 175). When a pinnate lejif ends in a 
p.‘o/* of pinniB (fig. 177), it is equally or abruptly pinnate (|2^-pinnate); 
wlu.n there is a single terminal leaflet (fig. 175), the leaf is unequally 
imruxU (impari-pinnatc); when the leaflets or pinna> are placed alter- 
nately on either side of the midrib, and not directly opposite to each 

of piniw (svjrjufhtte). 
leaf, with scMsilo fuliolaor Icuflots. 

I'lg. I7tf.— Part of the Buprailucoinpuuiid leaf of Latterpltiwn liimtun 
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other, the leaf is cdtemately pinnate (fig. 175); and when the pinnae 
are of difi^ent sizes, the leaf is hiiterTupt^y pinnate (fig. 180). 

154. In the case of a leaf with ranting venation, if the ribs are 
separately covered with parenchyma, and each leaflet is articuhited to 
the petiole, the leaf becomes ternate (figs. 141, 181) if there are three 
divisions; quaternate^ if four (fig. 142); qiiinate^ if five; septenate, if 
seven (fig. 176), and so on.* K the three ribs of a temate leaf sub- 
divide each into three primary veins, which become covered with 
parenchyma so as to be separate articulated leaflets, the leaf is bitemate; 
and if another three-fold division takes place, it is tritermte (fig. 182). 



155. Petiole or lieaf-stolk. — ^This is the part which unites the limb 
or blade of the leaf to the stem (figs. 132 and 175 p). It consists of one 
or more bundles of vascular tissue, with a varying amount of paren- 
chyma. The vessels are, spiral-vessels connected with the mecluUaiy 
sheath in Exogens and with the fibro-vascular bundles in Endogens, 
porous vessels and other forms of fibro-vascular tissue, woody tissue*, 
and laticiferous vessels. These vessels are enclosed in an epider- 
mal covering, with few stomata, and are more or less compressed. 
When the vascular bundles reach tlie base of the lamina, they separate 
and spread out in various ways, as already described under venation. 
A large vascular bundle is continued tlirough the lamina to form the 
midrib (fig. 133, nm), and sometimes several large bundles form 
separate ribs (figs. 146, 162), whilst the ramifications of the smdler 
bundles constitute the veins. 

156. At the place where the petiole joins the stem, there is fre- 

* Samo apply the term digitate to radiating compound leaves with five or seven leaflets. 

Fig. 180.-— Imparled alternately pinnate leaf. Leaflets or pinnu: sessile, and semited at the 
argin. 

Fig. 181.— Temate leaf of Strawherr}'. Margin of leaflets, toothed or dentate. />, Petiole with 
q||icting hairs. /, Lamina divided into three leaflets, 
tig. 182.— intemate leaf. Leaflets cordate. 
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quently an articulatioji or a constriction with a tcmd^cy to disunion, 
and at the same time there exists a swelling (fig. 203 p\ called pulvkus 
(pulvimiSj a cushion), formed by.a Inass of cellular dssue. At other 
times the petiole is not articulated, but is eith^ continuous with the 
stem, or forms a sheath around it. At the pmnt where the petiole 
is united to the lamina, or where the midrib joh^ Ihe leaflets of a 
compound leaf, there is occasionally k cellular dihMation caSed struma 
(struma, a sweUiug), with an articulation, this arficnfii.tion or joint is 
by many considered as indicating a compound leaf, andhence the leaf of 
the orajige is considered as such, although it consists of one tmdivided 
lamina (fig. 186). In articulated leaves, the pulvinus may be attached 
eitlier to the petiole or to the axis, and may with the leaf, or remain 
attached to the std^ When artiiHdated leaves drop, their place is marked 
by a cicatrix or scar, seen below the bud in fig. 203. In this scar, the re- 
mains of the viiscular bundles, c, are seen; and itsibrm furnishes charac- 
ters by which particular kinds of trees may be known when not in leaf*. 

157. Thepetiole varies in length, being'nsually shorter than tlielamina, 
but sometimes much longer. Ip some palms it is fifteen or twenty 
leet long, and is so firm as to be used for })oles or walking-sticks. 
In general, tlie petiole is more or less romidecl in its form, tlic upper 
surface being flattened or grooved. Sometimes it is compressed later- 
jilly, as in the Aspen, and to this peculiarity the trembling of the leaves 
(jf this tree is attributed. In aqmitic plants, the leaf-stalk is sometimes 


distended with air 
(fig. J83 ])), as in 
Pontodoria and Tra- 
pa, so as to float 
the leaf. At other 
times it is winged, 
or lijis a leaf-like ap- 
pearance, as in the 
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pitcher plant (fig. 184 p), orange (fig, 185 p), lemon, and Dioiisca 


Fig. 183.— -Leaf with a quadrangular tooths lomlua or blade, i, and an Inflated petiole, j>, con- 
taining nir crfla. » « 

Fig. 1H4. — Aiscldiuni or pitcher of ^opontil)e& P* Winged petiole which becomes narrowed, and 
tnoii expands so as to fonn the pitcher oy being folded on itself, e. The operculum or lid, formed 
by the hlaclo of the leaf, and ortWlatcd to the pitcher. 

Orange, which some call compound, jo. Dilated or ringed petiole, united by 
bl»^. In such a Ic^, if the ve^ls of the jeHole w-cre devcloi»ed in a cir- 
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(6f^ 186 p). In same Australian^ Acaeias^ and in some specif of 
Oxafis, Bupleurumi iS^, the pe^ole is fiatt^oed in a vertic^ direc- 
tton, tlie vascular bundles separating immediately after quitting the 



stem, and running nilrly parallel from base to apex. _This kind 
of petiole (fig. 188 jt), has been called PhyUodiwn a leaf 

and kthog, form). In these plants the laminss or blades of the leaves 
are pinnate, bipinnate, or temate, and are produced at the extre- 
mities of the phyllodia in a horizontal direction (fig. 188 /) ; but in 
many instances they are not developed, and the phyllodiiun serves 
the purpose of a leaf. Hence, some Acacias are called leafless. These 
phyUodia, by their vertical position, and thdr peculiar form, give a 
remarkable aspect to vegetation. On the same Acacia, tliere occur 
leaves ^vith the petiole and lamina perfect ; otliers having the petioU; 
slightly broadened or wingei^ and tlfe lamina imperfectly developed ; 
and others in which there is no lamina, and the petiole becomes large 
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Fig, 186.— Leaf of Dionaea rauscipiila, or Venna’ Fly-trap, p. Diluted or winged i>etlolc. 
«, Jomted blade, the two fringed halves of which fold on each other, when certain &iirs on the 
upper surface are touched. 

ng. 187.— Ascidinin, or Pitcher of Sarracenia, formed by the petiole of the leaf. The lid is not 
articulated to the pitcher as in Nepenthes (fig. 184). 

Fig. 188.— Leaf of Acacia heterophylla p, J^Uodiom or enlarged petiole, with straight 
v^i^tion. t Lamina or blade whicn is bipumate. The blade is frequently awanting, and the 
pbyllodium is the only part produced. 
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and broad. Some petioles, in place of ending in a lamina, foim a 
Umdril or cirrfm (f 201), so as to enable tbe pknt to climb. 

Stipules, 

158. At the place where Ae petiole joins the axis, a sheath 

{ragmn) is sometimes produced, which embraces the whole or part of 
the circiunfcronce of the stem (fig. 182 ^). Tliis sheatli is formed by 
tlie divergence of the vascular bundles which separate so as to form a 
hollow cavity towards the stem. The sheath is occasionally developed 
to such a degree as to give a character to the plants. Thus, in the 
Rhubarb tribe, it is large and inembranoufili 4ittJ h^ received the name 
of oekrea or boot (fig. 132 g)\ while in foiTos a kind of net- 

work, to w'liicli the name ol’ reticulum has been given 57) ; and in 
umbellifcroas plants, it constitutes the perid^dium (Tipi, around, and 

a braiicli). In pL'ice of a sheatli, leaves arc occasionally pro- 
duced at the base of the. petiole (fig. 189 s ^f), 
which liave been denominated stipules {st^loy 
straw or husk), 'Hiese stijmles are often two 
in nuinlier, and they ai*e important .as sup- 
plying cljaractc?rs in certain natural orders. 

Ihus they occur in the Pea and Bean family, 
in Rosactfous plants, and the Cinchona bark 
family. They are nu’iily met wdtli in Endo- 
gens, (^r in Exogens with sheathing petioles, 

;ind they iu'<* not common in Exogeiis with 
<-)pposito leaves, Pkuits having stipules, are stipulate; those liaving 
none, are exstipulate, 

1 59. Stipides are formed by some of the vascular bundles diverg- 
ing as tliey leaA’e the stem, and becoming covered with parencliyma, 
so as to resemble true leaves. Like leaves they are large or 
small, entii’c or divided, deciduous or persistent, articulated or non- 
articulated. Their kterjd position at the base of the petiole, distin- 
guishes them from true leaves. In the Pansy, the true leuA^es are 
stalked and c;renate, wiiile the stipules are large, sessile, and pinnatifid. 
In Lathyms apliacii, and some other plants, the true pinnate leaves 
are n])ortive, the petiole fomu^ a tendi'U, and the stipules {done arc 
dev* loped, performing the office of lejives. 

! fiO. When stipules are attached sej;>{irately to the stem at the base 
‘>T the leaf, tliey are called .cmtlinari/. Tims, in fig. 189, r is a bi'an'ch 
of Salix aurita, with a leaf, having a bud» h, in its a::^, and two 
caulinary stipides, s s. When stipulate leaves are opposite to each 

Fig. 189 .— Portion of a liranch, t\ of Salix aurita, bearing a single petiolate leat./^, which has 
boon cut 001*088. « a, Stipules, 6 , liud in tlie axil of the le^ 




other at the sam^ -height on the stem, it occasionally happens tliat the 
stipules at either side unite wholly or partially, so as to form an inter- 
petiohry or intetfoliar (inter^ between) stipule, as in Cinchona (fig. 
,, 190 s). In the case of alternate leaves, the stipules at the base of 
each leaf ore sometimes united to the petiole and to each other, so as 
to form an adnate^ adherent^ or petiolary stipule, as in the Rose (fig. 
191 s), or an ancillary stipule, as in Houttii 3 aiia cordiita (fig. 192 s). 






In other instances, the stipules unite together on the side of the stem 
opposite the leaf, and become synochreate together), as in Astragalus 
(fig. 193 s). The union or adhesiod of stipules is not an accidental 

Fig. 190.— -Branch, r, and two leaves, //, of Ccx>halanthus occldontalis. «, Interpetiolary or 
interfoliar stipule, formed by the partial union of two. 

Fig. 191.— Portion of a branch, r, of Rosa caning or dog-rose, bearing a single leaf,/, with its 
peti(de, p, its petiolary or adnate stipules, its axillary bud, &, and its uculci or prickles, n. 

Fig. 192.— Portion of a branch, r, of Houttuynia corduta, with a leaf,/, and an axillary stipule, 
s, formed by the tuiion of two. 

Fig. d&3.— Branch, r, and portion of the leaf,/, of Astragalus Onobrychis, with a synochreate 
stlpul^fonpsed by the union of two stipules on the opiioslte side of the branch from that to which 
the levis attached. The leaf is pinnate, and in the figure three pairs of leaflets or pinnoe are 
left 



anomalous leates and proles. ^ 

ocourrencse taking place after they have been developed; but is in- 
tunately connected with t^e generd law, in accordance with whidi the 
parts of the plimts are fimned. 

161. Stipules are sometimes large, envelop- \ ; 

, ing the leaves iny- the young state, and falliug 

off in the progress of growtli, as in Ficus, 

Magnolia, and Potamogeton ; at other times 
they are so minute as to be scarcely distin- 
guishable without the aid of a lens, and so 
fiigaceous as to be visible only in tlie very 
young stiite of the leaf. In grasses, the sheath 
or sheathing petiole (fig. 194 r/tf) has a prolon- 
gation or ibiding of the epid(?mus * at its upper 
pait, distindt from the leaf, to which the name of 
(ligula^ a small slip) has been given (fig. 

194 g /), Some consider it as equivalent to a 
stipide. It is either long or short, acute or 
blunt, entire or divided, and thus give% i*ise to 
various characters. At the base of the leaf- 
lets or foliola of a compound leaf, small stipules 
are occasionally produced, to which some have 
given the name of 

Anomalous Foivns of Leaves and Petioles, 

162. Variations in the structure and forms of leaves and leaf- 
stalks are produced by the increased development of cellular tissue, by 
the abortion or degeneration of pfirts, by the multiplication or repeti- 
tion of parts, and by adliesion. When cellular tissue is developed to 
a great ext<3nt, leaves become succulent, and occasionally assume a 
crisp or curled appearance. Such clianges take place naturally, but 
they are often increjised by the art of ilie gardener; and the object of 
many horticultural operations is to increjise the bulk and succulence of 
leaves. It is in this way that Cabbages and Greens are rendered more 
delicate and nutritious. 

163. In some plants true leaves are not produced, their place being 
occupied by dilated petioles or pliyllodia (IT 157), or by stipules 
(T 159). In other instances semes are formed instead of leaves, as in 
0’*obanche, Latlirsea, and young Asparagus (fig. 110 1). Divisions 
take place iii leaves when there is a multiplication of their parts; 
and a union of two or more leaves, or of parts of leaves, occurs in many 



* See DedupEcation^ under the head of CoroUa. 

Fig. 194. — ^Portion of a leaf of Fhaluris arondinocea, one of tlie graHSea /, Laminar meiithal 
or blade of the leaf, with straight paroUel venation, g t\ Vaginal, or sheathing portion repre- 
senting the petiole, ending In a membrapom process or ll^e, g 1. 
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cases. When two lobes at the base of a leaf are prolonged beyond 
the stem and unite (dg. 156), the leaf is perfoliate (per, through, and 
foUnm, leaf), the stem appea;ring to pass through it^ as in Bupleurum 
yerfoliatum, and Chlora perfoliata; when two leares unite by their 
bases they became conncOe (con, together, and noitus, bom), as in 
Lonicera Caprifolium; and when leaves adhere to the stem, forming 
a sort of winged or leafy appendage, they are decurrent (decurro, to 
run down or ^ong), as in Tt^tlesJ:. 

164. The vascidar bundles and cdlular tissue are sometimes devel- 

oped in such a way as to ibrm a cirde, with a hollow iir the centre, and 
thus give rise to what are called fstuletr (fistula, a pipe) or hollow leaves, 
and to ascidia (etaKthov, a small bag) or pitchers. Hollow leaves are 
well seen in the Onion. Pitchers are formed either by petioles or by 
laminsB, and they are composed of one or more leaves. In some Con- 
vallarias, two leaves unite to Ibrm a cavity. In Sarracenia (fig. 187) 
and Hehamphora, the pitcher is composed apparently of the petiole of 
the leaf. In Nephentes (fig. 184), and perhaps in Cephalotus, while 
the folding of a winged peti^p, forms the pitcher, a, the lid, e, which 
is united by an articulatioii, 4ii^fcrBsponds to the lamina. This kind of 
ascidium is called cal^trimorf^ous a covering, and 

form), and may be considered as formed by a leaf such as that of the 
Orange (fig. 185); the lamina, e, being articulated to the petiole, />, 
which, when folded, fonns the pitcher. In Dischidia Kafflesiana, a 
climbing plant of India, the pitchers, according to Griffith, are formed 
by the lamina of the leaf, and have an open orifice into which the 
rootlets at the upper part of the plant enter. These pitchers would 
seem therefore to contain a supply of fluid for the nourishment of the 
upper branches of the plant. In Utricularia, the leaves form sacs 
c^ed ampullce. 

Structure and Form of Leases in the Great IHvishm of the Vegetable 

Kingdom. 

165. Sxoaenoas or iMcotylodonoBs licareik — In Exogens, the vena- 
tion is reticulated, the veins coming off at acute angles and forming 
an angular network of vessels (fig. 136), and the trache® communi- 
cating with the medullary sheath. Thg y are frequently articulated, ex- 
hibit divisions at their margin, and become truly compound. There 
are no doubt instances in which ihe veins proceed in a parallel man- 
ner, but this will be found to occur chiefly in cases where the petiole 
may be considered as occupying the place of the leaf. Examples of 
this kind are seen in Acacias (fig. 188), as well as in lianunculus 
gramineus, and Lingua. 

* 166. BndogenoM* or Monocotjledononr liOaTCN.— In Endogens, the 
leaves do not present an angular network of vessels, nor do they ex- 
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hibit divisions on their margin. Their venation is generally parsJld, 
and their margin en^e (figs. 1S5, 194). Tlxceptions to this rule 
occur in some plants, as Tamus and Dioscorea, which have been called 
Dictyogens by Lindley, on account of their somewhat netted venation; 
and in Palms, in which although the leaves are entire at first, they 
afterwards become split into various lobes. Endogenous leaves are 
rarely stipulate, unless the ligole^f gr^es be considered as being a 
stipule. Their leaves are of^ 4l|sathing, continuous with the stem 
(forming a spurious stem in Bananas), and do not fall ofT by an artic- 
ulation. When there is only a slight divergence of tbeir veins, thqr 
may be looked upon more as enlarged and flattened petioles than as 
true laminse. This remark is illustrated by the leaves of lypha and 
Iris. In some Endogens, as in Sagittaiia sagittifolia, the submerged 
and floating leaves are narrow, like petioles, while those growing erect 
above the water expand and assume an arrow-like shape (fig. 165). 

1 67. AcragenoM or Mjearem* — ^In Acrogens, the leaves 

vjiry much ; being entire or divided, petiolated or sessile, often feather- 
veined, occJisionally with radiating venation, the extremities of the 
veins being forked. Tlie fibro-vascular bundles of the leaves resemble 
those of the stem both in structure and arrangement. In Thallogens, 
the leaves when present have no vascular venation. In many of 
them, as Lichens, fWgi, and Algae, there are no true leaves. 


rhtfllotajds^ or Hie Arrangeanent of Hie Leaves on Hie Axis, 

168. Leaves occupy various positions on the stem and branches, 
and have received diflerent names according to their situation. Thus, 
leaves arising from the crown of the root, as in the Primrose, are 
called radkid; those on the stem are caxdine; on the branches, rarncd; 
on flower-stalks, fioral leaves. The first leaves developed are deno- 
minated seminal (semerij a seed), or cotyledons (»on;Xi}3fi)jr, a name given 
to a plant); and those which succeed are primordial {primus^ first, 
and ordo^ rank). 

169. The arrangement of the leaves on the axis and its appendages 

is called phyUotaxk a leaf, and order). In their 

arrangement, leaves follow a definite order. It has been stated 
already (T 67) that there are ^regular nodes or points on the stem 
(fig. 195 n) at which leaves appear, and that the part of the stem 
between the nodes is tlie internode or meriHud (fig. 195 m). Each 
node is capable of giving origin to a leaf. Occasionjally several nodes 
are approximated so as to form as it were one, and then several leaves * 
may be produced at the same height on the stem. When two leaves 
are thus produced, one on each side of the stem or axis, and at the 
same lev^ they are called opposite (fig. 196); when more than two 
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«« piroduced (figs. 168, 197), they are verticillate (t?er/o, I turn), and 
cixdd of leaves is then called a verticil or tvhorl When leaves are 



opposite, the pairs which are next each other, but separated by an in- 
temode, often cross at right angles (fig. 196 r? b), or decimate (decumty I 
cut cross^vise), following tluis a law of alter- 
nation. The same occurs in verticils, the 
leaves of each whorl being altemrite with 
those of the whorl next to it; or, in other 
words, each leaf in a whorl occup}nng the 
space between two leaves of the whorl next 
to it. * There are considerable irregularities, 
however, in this respect, and the number 
of leaves in different whorls is not always 
miiform, as may be seen in LysimacMa 
vulgaris. 

170. Wlien a single leaf is produced at a 
node, and the nodes are separated so that 
each leaf occurs at a different height on the 
stem, the leaves are alternate (tig. 198). 
The relative position of alternate leaves 
197 varies in different plants, although it is 

tolerably tmiform in each species. In fig. 195, leaf 1 arises fi:om a 

Fig. 195.— Portion of a branch of a Lime tree, with ft>iir leaves arranged in a distichotui manner, 
or in two rows, a, The branch with the leaves numbered in their order, n being the node, and 
m the intemode or merithal 6, Is a magnified representation of the branch, showing tlie 
dcatriceB of the leaves and their spiral amingement, which is expressed hy or one turn of 
the Bpbnl and two Icavea 

Fig. 196.— Opposite, decussate leaves of Pimelea dccussata. cr, A pair of opposite leaves. 5, 
Anomer nair placed at right anglea 

Fig. 197.— Leaves of Lysimachia Yolgaris, in verticils or whorls of three. The leavers of eadi 
verticil alternate with those of the venicils next it In this plant the nomher of the leaves in a 
verticil often variee 



node, n; leaf 2 is separated by an intcmode or meritlial, wi, and ia 
placed to the right or left; while leaf 3 is ^tuated directly above 
leaf 1. Hie arrangement in this case is distichotts twice, and 
ari'xoe^ order), or the leaves are armnged in two rows. In fig. 199, <m 
the other hand, the fourth leai* is that directly above the first, and the 
arrangement is three, and ffrixogy order). The same 

arrangement continues throughout the stems, so that in fig. 199 the 
7th leaf is above the 4th, the 10th $ 
above the 7th ; .also the 5th above 
the 2nd, the 6th above the 3rd, 
and so on. There is thus through- 
out a tendency to a spiral jurange- 
nient, the number of leaves in the 
spir<^ or spiral cycle, and the num- 
ber of turns varying in diftt*rent 
plants. In plants whose leaves 
are close to each other, the spiral 
tendency is easily seen. In the 
Screw pine (Pandanus odoratis- 
simiis), in the Pine-applo family, 
and in some Palms, as Coiypha 
cerifera,' the screw-like arrange- 
ment of th(? leaves is obvious, lliis 
mode of development prevails in all 
parts of plants, and may be con- 
sidered as depending on their man- 
ner of growth in an upward and at 
the same time in a lateral direction, 
the noniifd jurangement of till parts of plants. 

171. Ill a regularly-formed straight branch covered with leaves, if 
a thread is passed Irom one to tlie other, txuning alw^ays in the same 
direction, a spiral is described, and a certain number of leaves and of 
complete turns occur before reaching the leaf direqtly above that from 
which tlie enumeration commenced. This arrangement has been 
reduced to mathematical precision,* and Braun has expressed it 
by a fraction, the nxmierator of which indicates the number of 
turiis, and the denominator the number of leaves in die spiral cycle. 
Tiros, in fig. 198 a 5, the cycle consists of five leaves, the 6th leaf 
bi'iiig placed vertically over die first, the 7th over the 2n<i, and so 
on ; while the numljer of turns between the ist aM 6th leaf is two : 

Fig. 19a— Part of a branch, of a Cherry Mith fdx leaves, the sixth being placed vertically over 
tlie first, after two tarns of the spiral lliis is expressed by •§ or the quincunx. «, The biandi, 
with the leaves numbered in onler. &, A magnified representation of the bruncli, showing tiie 
cicatrices of the leaves or their points of insertion, and their spiral arrangement 

* For a ftiU account of'Phyllotaxls, see Brnvais Mom. sur la Disposition Gdometrique des 
Fenillea Annales des Sciences Naturelles. Jon. and Feb. 1887. 
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hence, this atraagement is indicated by the fraction §. In other 
words, the distance or divergence between the £b^t and second leaf, 
expressed in parts of a circle, is ^ of a circle, or 860 ^ f = 144®. 

In fig. 195, a 5, the spiral is ■^, ie, 
one turn jmd two leaves; the third leaf 
being placed vertically over the first, 
and the divergence between the first 
and second leaf being one-half the cir- 
cumference of a circle, 860 = 180®. 
Again, in fig. 199, a ft, the number is 
or one turn and three leaves, the an- 
gular divergence being 120®. 

172. In cases where the internodes 
are very short, and the leaves are closely 
applied to each other, as in the Ilouse- 
leek, it is difficult to trace what has 
been called the gemratitig spiral^ or 
that which passes through every leaf 
of the cluster. Tlius, in fig. 200, there 
are thirteen leaves which are numbered 
in their order, and five turns of the 
spiral marked by circles in the centre (yV indicating the arrange- 
ment); but this could not be de^^ted at once. So also in Fir cones 
(fig. 201), which are composed of scales or modified leaves, the gener- 
ating spiral cannot be determined easily. In such cases, however, 
there are secondary spirals running parallel to each other, as is seen 
in fig. 201, where spiral lines pass through scales numbered 1, 6, 11, 
16, &c., and 1, 9, 17, &c., and by counting those which run parallel 
in difierent directions, the number of scales intervening between 
every two in the same parallel coil may be ascertained. Thus, in fig. 
201, it will be found that there are five secondary spirals running 
towards the right and parallel to each other, the first passing through 
the scales 1, 6, 11, 16, &c.; the second through 9, 14, 19, 24, &c.; 
the third thremgh 17, 22, 27, 32, 87, &c.; the fourth through 80, 85, 
40, 45, &c. ; the fifth through 4^ 48, 58, &c. The number of these 
secondary spirals indicates the number of scales intervening between 
every two scales in each of these spilths — ^the common dificrence being 
five. Again, it will be found on examination that there is a number 
of second^ spirals running to the lefi;, in which the common difference 
between every two scaled is eight, and that this corresponds to the 
number of secondary spirals, the first of which passes through the 
scales 1, 9, 17, dc.; the second through 6, 14, 22, 80, &c.; the third 

Flfr 199.— Tonng plant of Cypenw esculentus, with loaves in three rows, or tristIchouH, ex- 
pressed by the fraction or one turn and three leavea o. The plant, -with Its leaves numbered 
in fheir order. 6, Magnified representation of the stem, showing the insertion of tlie leaves and 
their spiral arrangement 





173. The primitive or generating spiral may pass either from right 

to left or from loft to right. It sometimes follows a different direction 
in the branches from that pursued in the stem. When it follows the 
same course in the stem and brandies, they are hortmlromms {Sfioiof, 
similar, and a course) ; whqn the direction differs, they are 

heierodremom {eri^og, another). In different species of the same genus 
the phyllotaxis frequently varies, 

174. Considering alteniation as the usual leaf-arrangement, some 
liavc supposed that opposite leaves are owing to the development of 
two spirals in opposite directions, while others look upon them as pro- 
duced by two nodes coming close together without an intemode. A 
verticil, in the latter view, w’iU be the result of the non-development of 
more dum one intemode. Tlius, m fig. 195, if the space between 1 
and 2 were obliterated, or the intemode, «*, not developed, the leaves 
w'oiild be opposite. In fig. 198, if the spaces between each of the 
leaves were obliterated, there wnuld be a verticil of five leaves. In 
many plaints there is a law of arrestment of development, by which 
»-pposite and verticillate leaves are naturally produced : but in such 

Fig. ‘200.-~Cycle of tliirtecn loaves pSacoa closely together so as to form a rosettof as in Sem- 
pervlvam. A, is the vciy short axis to wU<;% the leaves are attached. The leaves are nomheied 
In their order, from below upwards. Tho di^es in the centre indicate the live turns of fho 
spiral, and show tlic insertion of each of the leaves. Tho divergence is expressed by the fraction 

^*^g. 301.~<!one of Finns alba, with the scales or modified leaves numbered in the order of their 
arranmnent on the axis of the cone. The. lines indicate a rectilinear series of sc-ales, and two 
latenu seconidary spirals, ono taming from Tbit to rights tho other from right to left. 
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cases the alternation is still seen ki the arrangement of the different 
ehisiers of leaves. 

175. Li some cases the effect of interruption of growth, in causing 
alternate leaves to become opposite and verticillate, can be distinctly 
shown, as for instance in Rhododendron pottticum. In other cases, 
parts which are usually opposite or verticillate, become alternate by 
the vigorous development of tlie axis : and on different parts of the same 
stem, as in Lysimachia vulgaris, there may be seen alternate, opposite, 
and verticillate leaves. T^en the interruption to development takes 
place at the end of a branch, the leaves become fasciculate {Jasviculvs^ 
a bundle) or clustered, as in the Larch. A remarkable instance of the 
shortening of intemodes, and the clustering of leaves, occurred in tlie 
Palm house of the Botanic Garden of Edinburgh, in the case of a 
Bamboo wliich was exposed for many months to a low temperature, 
during the time that the roof of the house was being renewed. 
plant had been grooving rapidly, with its internodes of the usual 
length, but it was suddenly arrested near the summit, the intemodes 
became gradually shortened, till the nodes were close to each other, 
and tlie leaves came off in bunches. All modifications of leaves follow 
the same laws of arrangement as true leaves — fact which is of im- 
portance in a morphologijsal jx)int of view. 

176. In Exogenous plants, the first leaves produced, or th(» 

cotyledons, are opposite, lliis arrangement often continues durmg 
the life of the plant, but at other times it changes. Some tribes of 
plants are distinguished by their opposite or verticillate, others by 
their alternate, leaves. Labiate plants have decussate leiives, while 
Boraginaceffi have alternate leaves, and lUiaceai have distichous leaves 
in general ; Cinchonaceaj have opposite leaves ; Galiacetc, verticillate. 
Such arrangements as and are common in Exogens. Tlie 

first of these, called qumeunx (quincunx^ an arrangement of five), is met 
with in the Apple, Pear, and Cherry (fig. 198); the second, in the Bay, 
Holly, Plantago media; the third, in the cones of Finns all.>a (fig. 201); 
and the fourth, in those of the Pinus Picea. In Endogenous plants, 
there is only one seed-leaf or cotyledon produced, and henct) the 
arrangement is at first alternate : and it generally continues so more or 
less. Such arrangements as ^ ^ (fig. 199), and are common in 
Endogens, as in Grasses, Sedges, and Lilies. In Acrogens, the leaves 
assume all kinds of arrangement, being opposite, alternate, and ver- 
ticillate. It has been found in genei^ that, while the number 5 
<^ccurs in the phyllotaxis of Exogens, 3 is common in that of Endogens. 

177. Although there is thus, in the great divisions of the vegetsibk^ 
kingdom^ tendency to certain definite numerical arrangements, yet 
there are many exceptions. In speaking of Palms, wliich are endogenous 
plants, Martins states that the leaves of different species exhibit the 
following spirals — J, J, J, , fj. In the species of the genus 
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Pinus, j, J}, /f, 5J, occur. Thus, while it has been shown that the 
phyllopl^tic. aleaf, and formative), orleaf-formative 

power, moves in a spiral round the axis, it has been found impossible 
to apply phyllotaxis satisfactorily to the purposes of classification. 

178. The spiral arrangement of the leaves allows all of them to be 
equally exposed to air and light, and thus enables them to carry on 
their functions with vigour. The form of the stem is also probably 
connected witli the leaf arrangement. When leaves are opposite and 
decussate, the stems are often square, as in Labiate plants. The ordi- 
njuy rounded stem appears to be associated with a certain degree of* 
alternation in the separate leaves, or in the different pairs of leaves 
when they are opposite. 

179. The study of the structure, forms, and arrangement of leaves, 
is of great inipijrtance, when it is considered that aU parts of plants are 
to be looked upon as leaf-formations variously modified, in order to 
serve special puqioses in the economy of vegetation. The morphological 
rcktions of leaves, or the varied forms which ^they assume, will be 
illustrated during tin* consi<lcration of the organs of reproduction, and 
of tlic doctrine of nietami^rpliosis, as proix)unded by Goethe and others. 
It is only by looking upon fill the organs of plants in their relation to 
the loaf as a typo, that a philosophical view can be given of the great 
l-dan on which they have been formetd. 

Lmf-huds, 

1 80. iienr-bud« contain the rudiments of branches, and are found 
in the ajil of previously-formed leaves (fig. 202 ha^ ha) ; or, in 
other words, in the angle formed between the 
stem and leaf. Tliey are hence called ajcUlarf/y 
and may bo either termwal, h t, or lateral, b a. 

In their commencement, they are cellular pro- 
longations from the medullary rays bursting 
through the bark. The central cellular por- 
tion is suiToundod by spind vessels, and is 
covered with judimentary leaves. In the pro- 
gress of growth, vascular bundles are formed 
continuous with those of the stem; and, ulti- 
nnitely, branches are produced, which in every 
r(:;-,pect resemble the axis whence the buds first 
'prung. The cellular portion in the centre 
remains as pith with its medullary sheath, which 
is closed and not continuous with that of the 
parent stem. Tlius, in the stem and branch, this sheath forms a 

Hg. 202.~Ui>pcr portion of a branch of Loniccra nigra in a state of hibernation, that is to say, 
wer ^0 fall of the leaves ; covered witli leaf-bucU bt, A terminal bud. A ft «, 6 a, Axillary 
lateral buds. Below the buds, the cicatrix or scar left by the &llen leaves is seen. 
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daziAl which is closed at both extremities, and which sends prolonga- 
tions of spiral vessels to the leaves. As the axis or central portion oi 
the leaf-bud increases, cellular projections appear at regular intervals, 
which are the rudimentar j leaves. 

181. A leaf-bud may be removed in a young state from one plant 
and grafted upon another, by the process of budding^ so as to continue 
to form its different parts; and it may even be made to grow in the soil, 
in some instances, immediately after removal. In certain cases, leaf- 
buds are natucally detached during the life of the parent, so as to 
form independent plants, and tlius propagate the individual. Leaf- 
buds have on this account been called faced efubrgosy by Petit-Thouars 
and others. They are embryo plants fixed to the iixis, capable of send- 
ing stems and leaves m an upward direction, and woody fibres do%vn- 
wards, which, according to some, may be' considered as roots. A tree 
may be said to consist of a series of leaf-buds, or pliglons (^vroit, a plant), 
attached to a common axis or trunk. In ordinary trees, in which there 
is provision made for the formation of numerous latenil leaf-buds, any 
injury done to a few branches is easily repaired ; but in Palms, which 
only form central leaf-buds, and have no provision for a lateral fonna- 
tion of them, an injiuy inflicted on the bud in the axis is more likel}' 
to have a prejudicial effect on the future life of the plant. 

182. In the trees of temperate and cold climates, the buds which 
are developed during one season lie dormant diuing the winter, ready 
to burst out under the genial warmth of spring. They fire generally 
pj'oteoted by external modified leaves in the fonn of sca/cs, teynienta or 
perulas (tegmnta^ coverings, perula*, small bags), which are of a iinner 
and coarser texture than the leaves themselves. These scales or pro- 
tective appendages of the Inid, consist cither of the altered laminaj, or 
of the enlarged petiolary sheath, or of stipules, as in the Fig and Mag- 
nolia, or of one or two of these parts combined. They serve a tempo- 
rary purpose, and usually fall off sooner or later after the leaves ar<? 
expanded. The bud is often protected by a coating of resinous mat- 



ter, as in the Horse-chestnut and Balsam poplar, or by 
a thick downy covering, as in tlie Willow. Liiiua 3 us 
called leaf-buds kibeniacula, or the wintei^ (juariers of the 
young branch. 

183. In the bud of a common tree, as the Syca- 
more (fig. 203), theiSj is seen the cicatrLx left by tlui 
leaf of the previous year, c, with the pulvinus or 
swelling, .p, then the scales, e e, arranged alternately 
in a spiral manner, and overlying each other in what 
is called an imbricated (imbrex^ a roof tile) manner. 


Fig. — Leaf-l)U(l of Acer pseudo-plataniu) c*ovcrefl with scales, r, The branch, jj, l^lvlmis 

or swelling at tlie base of the leaf which has fallen, lca>ing a scar or cicutricula, c, in which the 
remains of three vascular bundles are seen, c. Imbricated scales of tlie bud. 
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On making a transverse section of the bud (fig. 204), tbe over- lying 
scales, e e e e, are distinctly seen surrounding the leaves, ff which are 
plaited or folded round the axis or 
growing point. In plants of warm 
climates, the buds are often formed by 
the ordinary leaves without any pro- 
tecting appendages; such leaf-buds are 
called Hfiked, 

184. VernaiioB. — The arrangement of 
the leaves in the bud has been deno- 
mmat(^,d vematimi (ver^ spring), or prce- 
foliation {prce^ before, and folium^ leaf), 
or gemmation {gemma^ a bud). This 
difters in different j)lants, but in each 
species it follows a regular law. The 
leaves in the bud are either placed 
simply in apposition, as in the Misletoe, or they are folded or rolled 
up longitudiniilly or laterally, giving rise to different kinds of verna- 
tion, as delineated in fig. 205 a — where the dot represents the axis, 
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ana the folded or curved lines, the leaves with the thickened part indi- 
cating th(^ midrib; figs, a and (/, being vertical sections; h — horizontal. 

1 85. The leaf taken individually, is either folded longitudinidly firom 
apex to base (fig. 205 a), as in the Tulip-tree, and called reclinate; 
or rolled up in a circular maijner firom apex to base, as m Ferns 

: iR. 204.— Tmns\Trse section of the same leaf-bud. e c c «, Tlie scales mranRod in an imbri- 
Hi(Mi nuinncr, like the tiles on u house. /, The leaves folded in a plaited muuner, exhibitinR 
plicate vernation. 

FiR. 20ft.— IlRui-es to show the dilferent kinds of vernation, a— gf. The foldinp of individual 
Jeaves; a and being vertical s(>ctloiis, h c if c and/ being horiaontid. Rotmnate. ft, Con- 
(lupucate. c. Plicate, Convolute: c, Involute. / Kevohite, g, Circinate. h — w, Folding of 
iwves when milted together In the loaf-bud. TliMMJCtions are horizontal or transverse, and 
show Uie ujlativc position of the leaves, and the modh in whiclifeach of them is folded, /i, Val- 
vate. I, Tw'isted or siilral. k /, Indupllcate. m, Kqnitant fi, Obvolute or half-ecmitant In all 
f ^ thickened portion indicates the midrib of the leerf, and the dot inai’ks the posUSon 
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(■fig. 20& g)i and called drcimte {circma^ I turn round); or folded later- 
ally, cofiduplicatey as in TTat "(Sg. 205 h ) ; or it. has several folds like a 
&tij .pltcdte or plaited, as in Vine and Sycamore (figs. 204 yj 205 c), and 
' in leaves with radiating vernation, where the ribs mark the foldings ; 
or it is rolled upon itself, omvolu^ or aupei'volv^e, as in Banana and 
Ax>ricfjt (fig. 205 <f); or its edg^. are rolled inwards, i nvolute ^ as in 
Vidiet (fig. 205 c); or outward, revqliUe^ as in Rosemary (fig. 205/). 
The difiTerent divisions of a cut leaf may be folded or rolled up separ- 
ately, as in Ferns, while the entire leaf* may have either the same or 
a dfeerent kind of vernation. 

186. Other kinds of vernation receive their names from. the arrange- 
ment of the leaves in the bud, taken as a whole. Leaves in the 
bud arc ox>poato, alternate, or verticillate ; and thus different kinds of 
vernation are produced. Sometimes they are nearly in a circle at 
the samSI level, rc'.mainmg fiat, or only slightly convex externally, and 
placed so as to touch each other by thoir edges ; thus giving rise to 
ralmte vernation (fig. 205 h). At other times they are at different 
levels, and are applied over pack other, so as to be imbneated., as in 
Idilae, and in the outer scales of Sycamore (figs. 20.^, 204) ; .and occa- 
sionalljr the marghi of one leaf overlaps that of another, while it, in its 
turn, is overlapped by a third, so as to be twisted or spiral (fig. 205 i). 
When the leaves are more completely folded, they either touch at their 
extremities (fig. :i05 k), or are folded inwjirds by their margin, and 
become induplicate (fig. 205 /) ; or a conduplicate leaf covers another 
similarly folded, while it covers a third, and thus the vernation is 
eqaitant (riding), as in Privet (fig. 205 m) ; or conduidicate leaves are 
placed, so that the half of the one covers the half' of another, and tlms 
they become 1mlf-e4iaitant or obvolvte, as in Sage (fig 205 7i). Tlie 
scales of a bud sometimes exhibit one kind of vernation, and tlu^ 
leaves another (fig, 204), The same modes of arrangement occur in 
the flower-buds, tis will be afterwards shoMTi. 

187. Leaf-buds, as has been stated, arc either terminal or lateral. 
By the production of the former (fig. 2()2 h t), stems incretise in length, 
while the latter (fig, 202 b a, b a,h a) give rise to branches, and add to 
the diameter of the stem. The terminal leaf-bud, after producing 
leaves, sometimes dies at the end of one season, and the whole plant, 
as in annuals, perishes; or part of the axis is persistent, and remains for 
two or more years, each of the IcaVes before its decay producing a 
leaf-bud. in its axil. This leaf- bud continues the growth in spring. 

188. In some trees of warm climates, as Cycas, Papaw-tree, Palms, 
and Tree ferns, the production of terminal buds is well seen. In these - 
plants, the elongation of the stem is generally regular and uniform, so 
that the age of the plant may IpiSf estimated by its height. Sucli stems 
(often endogenous) may thus be considered as formed by a scries of 
^terminal buds, placed one over the other. From tliis mode of growth 
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they do not attain a gre^t diameter (fig. 115, 1). In other trees, 
especially Exogens, besides the terminal bud, there are also lateral 
ones. These, % their development, give rise to hramhes (mw«), from 
which others c^ed braiuMis or twigs (ramuH) arise. Such buds 
being aJwajrs produced in ike axils of leaves, are of course arranged ~ 
in the same maiiner as the leaves are. By the fX)ntinual production 
of lateral leaf-buds, the stem of exogenous pl^ts acquires a great 
diameter. 

189. Although provision is thus made for the regular formation of 
leaf-buds, there are often great irregularities in consequence of many 
being abortive, or remaining in a dormant state. Such buds are 
called latent, and are capable of being developed in cases where the 
terminal bud, or any of the branches, have been injured or destroyed. 

In some instances, as in Firs, the latent buds follow a regular system 
of alternation ; and in plants with opposite leaves, it frequently hap- 
pens that the bud in the axil of one of the leaves only is developed, 
and the ditferent buds so produced are situated alternately on opposite 
sides of the stem. 

190. When the terminal leaf is injured or arrested in its growth, the 

elongation of the main axis stops, and the lateral branches often acquire 
increased activity. By continually catting oft the tenninal b\vds,a woody 
plant is made to assume a bushy appearance, and thus pollard trees wet 
produced. Pruning has the eilect of checking the ^ovrth of termim 
buds, and of causing lateral ones to push Ibrth. The peculiar bird-ne 
aj)pearance often presented by the branches of the common Bircj 
depends on an arrestment in the tcnnmal buds, a tl 

intemodes, and a conscqrrent clustering or fasciciihMk>n of the twigs. 
In some plants there is a natural arrestment of the main axis after a 
certain time, giving rise to peculiar shortened stems. Thus the crown 
of the root 70) is a stem of this nature, forming buds and roots. 
Such is also the case in the stem of Cyclamen, Testudinaria elephan- 
tipes, and in the tuber of the potato. The production of lateral in 
place of tcnninal buds, sometimes gives the stem a remarkable zigzag 
aspect. 

191. In many plants with a shortened axis, the lateral buds produce 
long branches. Thus the flagellum {flagellum, a whip or twig), or 
niwier of the Strawbeny and Ranunculus, is an elongated branch, 
developing buds as it runs aldhg the ground ; the propaguhm {pro- 
prrgo, a shoot), or offset, is a short thick branch produced laterally in 
lUishy plants from a shortened axis, and developing a bud at its ex- 
tremity, which is capable of living when detached, as in Hoaseleek. 
Fig. 206 represents a strawberry plant in which a' is the primary 
a^s, ending in a cluster of green leav^ r, and some rudimentaiy leaves, 
/, and not elongating ; from the axil of one ff the leaves proceeds a 
branch or runner, a", with a rudimentary leaf, fl, about the middle, 

n 
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and another duster of leaves,/ and r, forming a young plant with roots ; 
from this a third axis comes ofP, and so on. many instances 

the runner decays, and the 
young plant assumes an inde- 
pendentexistence. Gardeners 
imitate this in the propaga- 
tion of plants by the process 
’ of layering^ which consists in 
bending a twig, fixing the 
central part of it into the 
ground, and, after the pro- 
duction of adventitious roots, 
^ cutting ofifits connection with 
the parent. 

192. When the stem creeps along the surface of the ground, as in 
the lihizome (fig. 90), or completely under ground, as in the Soboles 
or creeping stem (fig. 91), the terminal bud continues to elongate 
year after year, thus making additions to the axis in a horizontal 
manner. At the same time buds are annually produced on one side 
wliich send shoots upwards and .roots downwards. Thus, in fig. 91 
(soboles of a Eush), r is the extremity of the axis or terminal bud, f c 
the leaves in the form of scales, p a the aerial shoots or branches, 1 1 
being the level of the ground. Again, in fig. 90 (rhizome of Solomon’s 
seal), a is the terminal’ bud which has been formed subsequently to ly 
h the bud which has sent up leaves, and which has decayed, c c being 
the scars left by the similar buds of previous seasons. 

193. Aeriii] and Snbterrancan X^naf-bad*. — ^According to the nature 
of the stems, leaf-buds are either aerial or syhterraman; tlie former 
occurring in plants which have the stems above ground, the latter 
in those in which the stems are covered. In the case of Asparagus 
and other plants which have a perennial stem below ground, sub- 
terranean buds are annually produced, which appear above ground 
as shoots or branches covered with scales at first (fig. 110 /), and 
ultimately with true leaves. The young shoot is called a Turio (purioy 
a young branch). These branches are herbaceous and perish an- 
nually, while the true stem remains below ground ready to send up 
fresh shoots next season. In Bananas and Plantains, the apparent 
aerial stem is a shoot or leaf-bud sent«up by an undergroimd stem, and 
perishes after ripening fruit. In some plants, several brandies are sent 
up at once from the underground stem, in consequence of a rapid 
development of lateral as well as terminal buds; and in such cases tlie 

Fiff. 206.— nagellum, or Kunner of the Stm/wberry. o', One axis which has produced a cluster 
of leaves, the uppCT, r, green, the lower, /, TUdtmcntaty. From the axil of one of the latter, a 
second axis, a'\ arises, bearing about tlic middle a rudimentary leaf, /, and u cluster of leaves, 
r, parti; green, and partly rudimentaiy, at Its extremity. From the axil of one of the leaves of 
this duster, a thii'd axis, proceeds. 
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lateral ones may be separated as distinct plants in the form of mchers 
(surcnli). The potato is a thickened stem or branch capable of 
developing leaf-buds, which in their turn form aerial and subterranean 
branches, the former of which decay annually, while the latter remain 
as tubers to propagate the plant. Ibus, in fig. 92, s s is the surface of 
the soil, 7 ) is the aerial portion of the potato covered with leaves, t is 
the subterranean stem or tuber covered with small scales or projections, 
as represented fit t from the axil of wliich leaf-buds are produced. 
‘'Fliis provision for a S 3 nnmetrical development of axillary le^-buds at 
once distinguishes the tuber of the potato from fleshy roots, like those 
of the DahUa. * ^ 

194. Bulb. — A good example of a subterranean bud occurs in the 
Bulb^ as seen in the Hyacinfh, Lily, and Onion. This is a subterranean 
leaf-bud covered with scales, firising from a shortened axis. , From the 
centre of the bulb a shoot or herbaceous stem is produced which dies 
down. New bulbs, or eUwes as they are called, are produced from 
the subterranean axis. At the base of the scales there Is a flat- 
tened disc, varjdng in thickness, which is formed by the base of the 
buds, and which has sometimes been called the stem. The parts of 
the bulb ai'e seen in fig. 207, where p marks the disc or round flat 
portion formed by the bases of the lateral buds from which the fasd- 
cidated i-oots, r, proceed, e the scales or modified leaves, and f the true 
leaves. In the vertical section (fig. 208), h is the new bulb formed like 
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bud in the axil of a scale. Tlie new bulb sometimes remains attached 
nj the parent bulb, and sends up an axis and leaves; at other times it 


207.--Tiinicated bulb of Allium romun, or tbe Leek, r, lioota />, A circular disc, or 
slioiteiied stem inten'eniiig between the roots and the bulbous swelling, e e, Scales, or subter- 
ranean raoditied leaves. /, Upper leaves which become gi'een. 

lig. 208.— Vertical section of tlie tunicated bulb of the Leek. The letters Indicate the same 
ports as in the lust figure, f;, Bud situated in the axil of a scale, which, by its development, forms 
a new bulb. 

Fig. 209.— Scaly or ntiked bulb of Lilium album, r. Roots, eee. Scales or modified under- 
grouiid leaves, The stem cut. 
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is detached in tlie course of growth, and forms an ind.ependeat plant. 
The new bulbs ifeed on the parent one, and ultiinately cause its 
absorption. The scales are sometimes all fleshy, as in the scaly or naked 
bulk of the white lily (fig. 209 ^ c c), or the outer ones are thin and 
membranous, overlapping the internal fleshy ones, and forming a 
iuniccded bulb, as m the Onion, Squill, and Leek (fig. 207). 

195. The Conn a stump) has already been noticed under 

the head of subterranean stems 70, fi'g. 93). It may be considered 
as a bulb in which the centr^ portion or axis is much enlarged, 
while the scales are reduced to thin membranes. Some have called it a 
solid bulb. It is seen in the Tulip, Colchicum, Crocus, and Gladiolus. 
It produces either terminal buds, as in Gladiolus and Crocus, in which 
several annual additions to the conn remain attached together, and 
the newly produced corms come gradually nearer and nearer to the 
surface of the soil ; or lateral buds, as in Colchicum, represented at fig. 
93, where r indicates the roots, /the lea^ a' the stem or axis of the 
preceding year withered, a" the secondary axis, or the stem developed 
during . the year, and taking the place of the old one, and which, in 
its ttuzi, will give origin to a new axis, a'", on the opposite side, 
acconBng to the law of alternation. The new axes or corms being 
thus produced alternately at either side, there is very little change in 
the actual position of the plant firorn year to year. Bulbs and corms 
contain a store of starch and of other substances, for the nourishment 
of the young plants. 

196. Anomalies and Transformaaons of I^eaf-bads. — ^Lcaf-buds arise 


from the medullary system of the plant, and in some instances they 
are foxmd among the cellular tissue, without being in the axil of leaves. 
In this case they are extra-axillary, and have been called adventitiovs 
or abnormal Such buds are produced after the stem and leaves have? 


been formed, and in particular circumstances they are developed like 
normal buds. What have been called enibryo-buds, are woody nodules 
seen in the bark of the Beech, Elm, and other trees. They are looked 
upon as partially’ developed abnormal buds, in which the woody matter 
is pressed upon by the surroimding tissue, and thus acquires a very 
hard and firm texture. When a section is made, 
they present woody circles arranged around a 
central pith, and traversed by medullary rays 
210). The^ nodules sometimes form knots 
on the surface of the stem, at other times they 
appear as large excrescences, and in some cases 
twigs and leaves are produced by them. Some 
consider embryo-buds as formed by layers of 
woody matter, which originate in the sfip con- 




» 

Fig^ 21ft— Vertical section of a nodule, n. or eiubiyo-bud embedded in the bark of the Cedor. 
forme a projection on the surface. The woody layers form zones round a kind of pith. 
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veyed downward by tbf bark and cambium cells, and are deposited 
round a nucleus or central mass, 

197. Leaf-buds sometimes become extra-axillary (fig. 211 6), in 
consequence of the non-appearance or abortion of one or more leaves, 
or on accoimt of the adhesion of the young branch to the parent stem. 
In place of one leaf-bud, there are occasionally several accessory ones 
produced in the axil, giving origin to numerous branches (fig. 212 b). 



Such an occurrence is traced to the presence of latent or adventitious 
buds. Fig. 211 represents a branch, r, of walnut, jp the cut petiole, 
and h two buds, of which the upper is most developed, while fig. 212 
exliibits a branch of Lonicera tartarica, "with numerous buds, ft, in the 
axil of the leaves, the lowest of which are most advanced. By the 
union of several such leaf-buds, branches are produced having a 
thickened or flattened appearance, as is seen in the Fir, Ash, and 
other trees. These fasdated {fascia^ a band) branches, in some cases 
however, are owing to the abnormal de- 
velopment of a single bud. 

198. In the axil of the leaves of Lilium 
bulbiferum, Dentaria bulbifera, and some 
other phmts, small conical or rounded bodies 
are produced called bulbils or bulblets (fig. 

213 ft 6 ft). They resemble bulbs in their 
aspect, and consist of a small number of 
thickened scales enclosing a growing point. 

'i'hesc scales are frequently ui^ted closely 
together so as to form a solid mass. Bulbils 
j.a'e therefore transformed leaf-buds, which 



Fig. 21L— Portion of a branch, r, of the walnut Iwaring tlie petiole, r, of a leaf which liaa 
been cut In the axil of the leai; aeveral buda, ft, ore produced, the highest of which are most 
developed. 

Fig. 212.— -Portion of a Iwanch, r, of Lonicera tartarica, bearing two opposite leaves, one of 
Nvhlcli has been cut the other,/, iKsing preserved. In tlie a-\il of the leaves, cJustcra of buds, 6, 
are seen, the lowest of which are most developefL 
Fig. 2111— Portion of the stem of Lilium bulbiferum with tliree alternate leaves,///, and three 
bulbils or bulblet^ ft ft ft, in thdr axila 
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are easily detached, and axe capable of producmg yoAg plants when 
placed in &vonrable circumstances. 

199. Occasionally leaf-buds are produced naturally on the edges 
of leaves, as in Bryophylluni calycinum and Malaxis paludosa (fig. 
214), and on the surface of leaves, os in Omithogalum thyrsoideum 
(dg. 215). These are capable of forming independent plants. Similar 

buds are also made to ap- 
^ Lh. i ^ pe^ on the leaves of Gesne- 
ra, Gloxinia, and Achime- 
nes, by wounding various 
parts of them, and placing 
them in moist soil; this 
is the method often pur- 
sued by gardeners in their 
propagation. The cellular 
tissue near the surface of 


/! plants, seems therefore to 

214 215 have the power of develop- 

ing abnormal leaf-buds in certain circumstances. Even roots, when 
long exposed to the air, may thus assmne the functions of steins. 
Leaves bearing buds on their margin, are ctiUed proUferom {proles, 
offspring, and^ro, I bear). 

200. Spine* or Thorn*. — ^Branches are sometimes arrested in their 
development, and, in place of forming leaves, become transform(i<l into 


and tefndrUs, 

im 






Spines or thorns are ^developed branches, ending 
\ in more or less pointed extremi- 
^ ties, as in the Hawthorn. Plants 
which have spines in a wild state, 
^ L a-s the Apple and Pear, often lose 

them when cultivated, in conse- 
^ /' ^ ^ quence of their being changed 

into branches; in some cases, as 
i ^ ® Pnmiis spinosa, or the Sloe (fig. 

a branch bears leaves at 
- ^ ^ its lower poiiionsf, and terminates 

in a spine. Leaves themselves 
become spiny by {he bar- 
/ (jir ofthdv rmdnh er primary 

217 veins, and the dimmntion or 


absence of parenebyrna, as in Astragalus niassiliensis (fig. 217 r), 


* , JFlgr. 214.— Extremity of a leaf, f, of Jtfalaxls paludosa, the margin of which is covered with 
adventitioiiH buds, b b ; thus becoming proliferous. 

Fig. 215.— Portion of the blade of a leaf, /.of Ornithogalmn thyrsoideum, on the surikee of 
whiw are developed adventitious or ai)uonnai buds, bbbb^ wnne of which are large. 

Fig. 216.— Eranch of Pmnns ^inosa, or Sloe, witli alternate leaves, and ending in a spine or 
thorn. 

Fig. 217.— Pinnate leaf of Astragalus massilienals, the midrib of which, r, ends in a spine. 
Petiolary stipules. / Nine imlrs (n leaflets. 
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where the midrib becomes spiny after the fell of some of the leaflets; in. 
the Holly, where all the veins are so; and in the Barbeny (fig. 218), 
where some of the leaves, fffj are produced in the form of spiny 
branches, with scarcely any parenchyma. In place of producing a lamina 
or blade at its extremity, the petiole sometimes terminates in a spine. 
Stipules are occasionally transformed into spines, as in Bobinia pseudo* 
acacia (fig. 219, ss), fwad such is also the case with the swelling or pulvinus 
at the base of the lem, as in Bibes Uva*crispa (fig. 220, ccc). Branches 



are sometimes arrested in their progress at an early state of their de- 
velopment, and do not appear beyond the surface of the stem; at 
other times, after having grown to a considerable^ size, they undergo 
decay. In both instances, the lower part of the branch becomes 
embedded and hardened among the woody layers of the stem, and 
forms a knot 

201. Tendril*. — leaf-bud is sometimes developed as a lender spiral 
or twisted branch, called a tendril or drrJms (czmis, a curl), aa in the Pas- 
fflon-flower, in which the lateral buds are thus altered with the view of 
enabling the pl^t to climb. When tmidrils occupy the place of leaves, 
and appear as a contmuation of theleaf-si^ they are csdledpetiolan^, 

as in Latbyms m which thesUpiUesperfom theiunction of 

true leaves. In FlageUaria indica, Methonica superba, Anthericum 


Bwbetis vulgaris, or UarbcTry, the learn of 'wb.teYv, ///, axe traoRfonneA 
^to^tj^fhlng spines. In. the axil of each, a eluatpr, r r r, of regularly farmed leaves is de- 


plimate leaf of Robiuia pseudo-acacia, the stipules of which, s ^ arc 
co^erted into spines or thoma Miranch. r. Petiole. 


, nt the base 
• (loubks or triple. 
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drrliifituin, and Albuca ciirhata, tbe midrib of &e leaf ends in a ten- 
dril; and in Vetches, the terminal leaflet, and some of the lateral ones 
St extremity of their pinnate leaves, are changed, so as to form a 
branching tendiil. In the Vine, the tendrils are looked upon as the 
terminations of separate azes^ or as transformed terminal buds. In this 
plant there are no young buds seen.in the angle between the stem and 
leaves, nor between the stem and tendrils; and the latter axe not axillary. 
Fig. 221 represents the branch of a Vine, in which o' is the prima^ or 

first formed axis, ending mv\ 
a tendril^ or altered terminal 
bud, and having a leaf, on 
one side. Between tUs leaf 
and the tendril which repre- 
sents the axis, a leaf-bud was 
formed at an early date pro- 
ducing the secondary axis, 
or branch, o", ending in a 
tendril, i/', with a laterS leaf, 
from which a tertiary axis 
or braiich,.o'" was developed, 
ending in a tendril, i/", and 
so on. 

202. Tendrils twist in a 
spiral manner, and enable the 
plants to ]&e into the air by 
twining round other plants. 
The dired^ of the spiral 
frequently d^^brs from that 
of the climbiDg stem, pro- 
ducing the teidril. In the Vine, the lower part of the stem is strong, 
and needs no additional support; the tend^ therefore occur only 
in the upper part where the branches are soft, and require aid to 
enable them to support the clusters of fruit In Vanilla aromatica, 
the vanille plant, tendrils are produced opposite the leaves, until the 
plant gains tiie top of the trees by which it ^ suppoi^ed; the upper ten- 
drils b^g then developed as leaves. The midrib is sometimes prolonged 
in a cup-like form: tl^ is occasionally seen in the common cabbage, 
and seems to depeild on the vascular bundles of the midrib spreadmg 
out at their extremity in a ranting manner, and becoming covered 
with parenchyma in such a way as, to form a hollow cavity in the centre. 

Fig. 22L — ^Portion of a branch of the Vine (FSfu vinifsra\ o'. First axis, tei'minated by a 
ten^ or cirrhus, v', which assiunes a lateral position, and bears a leaf, f'. From the axil of uiis 
leaf; a second axis, a", comes off, which seeihs to be a continuation of tlie first, and is tenninated 
also by a tendril, v', bearing a leaf, From the axil of this acmid leal; a third axis, a'", arises, 
terminated by a tendril, and bearing a leaf; in>m the axU of which a tburth axis a 
arisea 
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Special Fmwtims of Leaves. 

203. Leaves expose the fluids of plant to the influence of air 
and light, and their spfral arrangement enay.es them to do so efiectu- 
idly. Tliey are concerned in the elaboration of the various vegetable 
secretions, in the formation of wood, and in the absorption of fluid and 
gaseous matters. A plant, by being constantlv derived of its leaves, 
will ultimately be destroyed. On this principle, weeds, with creeping 
stems and vigorous roots, which are witii difticulty eradicated, may be 
killed. In the cells of the leaves changes take place under the agency 
of light, by which oxygen is given off and carbon fixed. These will 
be considered under tiie subject of vegetable respiration. The absorp- 
tion of carbonic acid and of fluids is carried bn by the leaves, chiefly 
through their stomata, according to Bonnet. Some physiologists have 
(ixpressed doubts as to absorption being carried on by the leaves in 
ordinary circumstances. Leaves also give off gases and fluids by a 
process of exhalation or transpiration. Carbonio acid, to a moderate 
oxtent, is eii^aled during darkness, and a largQ ^ quantity of fluid is 
given off by transpiration. The number and size of the stomata regulate 
the transpiration of fluids, and it is modified by the nature of the 
epidermis. In plants with a thick and hard epiaermal covering, ex- 
halation is less vigorous than in those where it is thm and soft. Some 
succulent plants of warm clumies have a very tluck covering. The 

1) eculiar character of the leaves or phyllodia of Australian plants, is 

2 ) robably connected with the dry nature of the climate. While heat acts 
in promoting evaporation,^the process of transpiration is more under ( 
the influence of light. It assists the process of endosmose, by rendering 
the fluid in the cells thicker, and thus promotes the circulation of sap. 

204. The quantity of fluid exhaled varies in amount in different plants. 

A Sunflower, three feet high, gave off twenty ounces of watery fluid 
daily. Hales found that a Cabbage, with a suface of 2,736 square 
inches, transpired at an average nineteen ounces; a Vine, of 1,820 square 
inches, from five to six ounces. Experiments on exhalation maybe made 
by talmg a fresh le^ with a long petiole, putting it through a hole in 
a card which it exactly fits, and applying the .card firmly and closely 
U) a glass tumbler, about two-thirds fifll of 'water, so that the petiole 
is inserted into the water, then, fciverting an empty tumbler over the 

and exposing the whole to the sun, the fluid exhaled will be seen on 
cbe inside of the upper tumbler. The experiment may be varied by 
puttmg the apparatus m darkness, when no exhalation takes place, or 
in diffuse daylight, when it is less than in the sun’s rays. This process 
of exhalation imparts moisture to the atmosphere, and hence the dif- 
ference between the air of a wooded country and that of a country 
deprived of forests. The cells in the lower side of a leaf where stomata 
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exist, are chiefly conoOTied in the aeration of the sap, whilst other 
assimilative processes go on in the upper cells. 

205. Leaves, after performing their functions for a certain time, 
wither die. In doing so, they frequently change colour, and hence 
arise the beautiful ahd varied tints of the autumnal foliage. Leaves 
which are articulated with the stem, as in the Walnut and Horse- 
chestnut, fall and leave a scar, while those wliich are continuous with 
it remain attached for some time after they have lost their vitality, as 
in the Beech. Most of the trees of this country have deciduous leaves, 
their duration not extending over more than a few months; while in 
trees of warm climates, the leaves often remain for two or more years. 
In tropical countries, however, many trees lose their leaves in the dry 
season. This is seen in the forests of Brazil, called Catmgas, Trees 
which are called evergreen, as Pines and Evergreen oak, are always 
deprived of a certain numlDer of leaves at interval^, sufficient being 
le^ however, to preserve their greed appearance. Various causes 
have been assigned for the fall cd* the leaf. In cold climates, the de- 
ficiency of light and heat in winter causes a cessation in the functions 
of the cells of the leaf; its fluid disappears by evaporation; its cells and 
vessels become contracted and diminished in their calibre; various 
inorganic matters accumulate in the texture; the whole leaf becomes 
dry; its parts lose their adherence; and it either falls by its own weight 
or is detached by the wind. In warm climates, the dry season gives 
rise to similar phenomena. w 


SECTION IL— GENERAL VIEW OF THE FUNCTIONS OF 
THE NUTRITIVE ORGANS. 

206. In order that plants*may be nourished, food is required. Tliis 
food, in a crude state, enters the roots by a process of absorption or 
mbiUtion; it is then transmitted from one part of the plant to another, 
by means of the circulation or progressive movement of iJie sap; it ^reaches 
the leaves, and is there submitted to the action of light and air, which 
constitutes the function of respiration; and thus the fluids are finally 
fitted for the process of assvnifcKffon, and form various vegetable pro- 
ducts and secretions, 

c 

1. — ^Food op Plants, and Sources whence they iwive iueib Nourishment. 

CHEMICAL composition OF FLANTS. 

207. The nutriment of plants* can only be ascertained when their 
chemical composition has been determined. The physiologist and chemist 
must unite in this inquiry, in ord^ to arrive at satisfactory conclu- 
sions. Much has been done of late by Liebig, Mulder, Dumas, Bous- 
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siugault, and oth^ cheitiists, to aid ti^sbotanist in his investigations, 
and to place physiological science on a sound and firm basis. It is true 
that many processes take place in plants 'v9hi<jh cannot as yet be ex- 
plained by the chemist, and to these the name of vital has been applied. 
This term, however, must be considered as implying nothing more 
than that the function so called oc^irs in living bodies, and in the 
present state of our knowledge is not reducible to ordinary chemical 
or physical laws. A greater advance in science may clear up many 
difficulties in regard to some of the vital fimctions, while others may 
ever remain obscure. 

208. Plants are composed of certain chemical elements^ which are 
necessary for thdr growth. These are combined in various ways, so 
as to form what have been called organic and inorganic cpmpounds. 
The former are composed of carbon, oxygen, hydrogen, and nitrogen 
or azote, with a cert^ proportion of sulphur and phosphorus ; while 
the latter consist of various metallic bases, combined with oxygen, 
metalloids, and acids. In all plants there is a greater or less propor- 
tion of water, the quantity of which is ascertained by drying at a 
temperature a little above that of boiling water. By burning the 
dried plant the organic constituents disappear, and the inorganic part 
or the ash is left. The relative proportion of these constituents varies 
in difierent species, as seen in the following table by Solly, in which 
the proportions are given in 10,000 parts of the fi*e8h plants: — 



Water. 

Organic Mattel 

liiorjranic. 

Potato, 


2173 

114 

Turnip, 



104 

Sea Kale 



57 

French Beans,, 


619 

64 

Keel Beet, 

8501 

1390 

109 

Asparagus 


735 

55 

Water CreSs, 



107 

Sorrel, 

9207 


91 

Parsley, 



271 

Fennel, 

8761 

1048 

191 

Salsafy, 



120 

Mustard, 


436 

102 


209. The analysis of 100 parts of Fruits gives the following results: — 




• Water. 

Orfifauic. 

Inorganic. 

Strawberry,.., 


90-22 .. 

... 9-37 .. 

... 0-41 

Green Gage, whole fruit, 


... 15-83 .. 

... 0-40 

Cherry, 

. do., 


... 17-09 .. 

... 0*43 

Pear 

.. do,,.. .1. ........ 

83-55 .. 

... 16-04 .. 

... 0-41 

•Apple, 

.. do., 


... 15-72 .. 

... 0*27 

Gooseberry,.. 



... 9-35 ... 

... 0-39 


210. The .following table, by Johnston, represents the constitution in 
1000 parts of plants and seeds, taken in the state in which they are 
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givea to cattle, or laid up for^j^i^sservation, and dried at 230® Fahren- 
heit; the organic matt^ being indicated by the carbon, oxygen, 
hydiogen, and nitrogen j the inorganic by the ash : — 



Wheat 

. Oata 

Pcaa 

Hay. 

Tamifa. 

Potatoes. 

Carbon 

... 455 ... 

.. 507 ... 

.... 465 ... 

... 458 .. 

.... 429 ... 

... 441 

fiydrosen,... 

57 ... 

.. €4 ... 

.... 61 ... 

... 50 .. 

.... 56 ... 

... 58 

Oxygen, 

....430 ... 

867 ... 

.... 401 ... 

... 887 .. 

.... 422 ... 

...439 

Nitrogen, 

... 35 ... 

.. 22... 

.... 42 ... 

... 15 .. 

.... 17 ... 

... 12 

Ash, 

... 23 ... 

.. 40.. 

... 31 ... 

... 90 .. 

.... 76 ... 

... 50 


By the process of drying, the 1000 parts of these substances lost water 
in the following proportions : — 

Wheat, 166 Peas, 86 Turnips, 925 

Oats, 151 : Hay, 158 Potatoes, 722 

211. As plants have no power of locomotion, it follows that their 
food must be universally distributed. The atmosphere and the soil 
accordingly contain all the materials requisite for their nutrition. 
These materials must be supplied either in a gaseous or a fluid form, 
and hence the necessi^ for the various changes which are constantly 
going on in the sod, and wliich are aided by the efforts of man. 
Plants are capable of deriving all their nourishment from the mineral 
kingdom. The first created plants in all probability did so, but in the 
present day the decaying remains of other plants and of animals are 
also concerned in the support of vegetation. 

Organic Constituents and their Sources. 

212. (C) is the most abundant clement in plants. It forms 
from 40 to 50 per cent, of all the plants usually cultivated for food. When 
plants are charred the carbon is left, and as it enters into all the tissues, 
although the weight of the plants is diminished by the process, their form 
still remains. When converted into coal (a form of caibon), plants are 
frequently so much altered by pressure as to lose their structure, but 
occasions^y it can be detectedunder the microscope. Carbon is insoluble, 
and therefore cannot be absorbed in its uncombined state. When 
united to oxygen, however, in the form of carbonic acid, it is readily 
taken up either in its gaseous state by the leaves, or in combination with 
water by the roots. The soil containl carbon (Jiumus)^ and in some soils, 
as those of a peaty nature, it exists in very large quantity. The carbon 
in the soil is converted into carbonic acid in order to be made avail- 
able for the purpose of plant-growtL Carbon has the power of absorb- 
ing gases, and in this way, by enabling certain combinations to go on, it 
assists in the nourishment of plants. In the atmosphere, carbonic add 
is always present, averaging about part, arising from the respir- 
atioii..of msiln and animals, combustion, and other processes. 
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213. OzFg«n (O) is another element of plants. Air contains about 
21 per cent. ofit. Every 9 lbs. of water contain 8 of oxygen, and it 
is combined with varipus elements, So as to form a great part of the 
solid rocks of thp globe^ as well as of the bodies of animals and man. 

214. It is ebipfty in its state of combination with Hydrofea (H), so 
as to form water (HO), that oxygen is taken up by plants. Hydrogen 
is not found in a free state in nature, and with the exception of coal, 
it does not enter into tlie composition of the mineral masses of the 
globe. It forms -J of the weight of water, and it is present in the 
atmosphere in combination with nitrogen. Hydrogen is also furnished 
by sulphuretted hydrogen, and some compounds of carbon. 

215. NiMgea (N) is another element found in plants. It forms 79 
per cent, of the atmosphere, and abounds in animal tissues. The latter, 
during their decay, give off nitrogen, combined with hydrogen, in thi.* 
form of ammonia (NH®), which is absorbed in large quantities by 
carbon, is very soluble in water, and seems to be the chief source 
whence plants derive nitrogen. In tropical countries where thunder 
storms arc frequent, the niti*ogen and oxygen of the air are sometimes 
made to combine, so as to produce nitric acid, (NO*) vrhich, either in 
this state, or in combination with alkaline matters, furnishes a supply 
ol‘ nitrogen. Daubeny tliinks that the ammonia and carbonic acid in 
the atmosphere are derived in part from volcanic actions going on in the 
interior of the globe. Hie continued fertility of the Terra del Lavoro, 
and other parts of Italy, is attributed by him to the disengagement of 
ammoniacal salts and carbonic acid by volcanic processes going on un- 
<lerneath ; and to the same source he traces the abundance of gluten 
in the crops, as evidenced by the excellence of Italian macaroni. 

216. Mi'dder maintains that the ammonia Ls not parried down from 
tlie atmosphere, but is produced in tlie soil by the combination between 
the nitrogen of the air, and the hydrogen of decomposing matters. Tlie 
same thing takes place, as in natural saltpetre caverns of Ceylon, "with 
this exception, that, by the subsequent action of oxygen, ulmic, humic, 
geic, aiK)crenic, and crenic acids, are formed in place of nitric acid. 
These acids consist of carbon, oxygen, and hydrogen, in different pro- 
portions, and they form soluble salts with ammonia. By all porous 
substJinces like the soil, ammonia is produced, provided they are 
moist, and filled with atmospheric air, and are exposed to a certain 
temperature. It is thus, he states, that moist charcoal and humus 
become impregnated with ammonia. 

217. These four elementary bodies then are supplied to plants, chiefi} 
in the form of carbonic acid (CO^), water (HO), and ammonia (NH*). 
In these states of combination they exist in the atmosphere, and hence 
some plants can live suspended in the air, without any attachment to 
the soil. When a volcanic or a coral island appears above the waters 
of the ocean, the lichens which are developed on it are nourished 
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in a. great measure by the atmosphere, although they subsequently 
derive inorganic matter from the rocks, to which they are attached. 
Air plants, as Bromdifjsj llUandsias, and Orchidaoeas, and many species 
of Kcus, can grow for a long time in the air. In the Botanic Gar- 
den of Edinburgh, a specimen of Ficujsi australis has lived in this con- 
dition for upwards of twenty years, receiving no supply of nourisliment 
except that afforded by the atmosphere and common rain water, con- 
taining, of course, a certain quantity of inorganic matter. The follow- 
ing analysis was made of the leaves of this plant, in 1847, by my 
pupil, Mr. John Macadam : — 

Orpranic. Inorganic. 

In KK) paits. In 100 jjarts. 

Petiole of former year’s growth, including midrib, 82*98 ... 17*02 


Three leaves of former year’s growth, 86*24 ... 13*76 

Petiole of present year’s growth, with midrib, 92*65 ... 7*35 

Seven leaves of present year’s gromb, 92*28 ... 7*72 


All were dried at 212® Fahrenheit. 

In the experimental Garden of Edinburgh, Mr. James M*Nab has 
cultivated various plants, as Streiitziallaugusta, currants, gooseben-ies, 
&c., without any addition of soil, and simply suspended in the air, with 
a supply of water kept up by the capillary action of a worsted thread. 
Some of the plants have flowered and ripened fruit. Tliese experiments 
show that die atmosphere and rain water contain all the ingredients 
requisite for the life of some plants. Boussingault, from obsciwations 
made on the cultivation of Trefoil, was led to the conclusion, that under 
the influence of air and water, in a soil absolutely devoid of organic 
matter, some plants acquire all the organic elements requisite for growth. 
Messrs. Wiegman and PoLstorf took fee quartz sand, burnt it to destroy 
any organic matter, digested it for sixteen hoiu*s in strong nitro-miu’iatic 
acid, and then washed it with distilled water. Various kinds of seeds, 
as barley, oats, vetch, clover, and tobacco, were then sown in it, and 
watered with distilled water, and all grew more or less. 

218. The elementary bodies already mentioned, in Vcxrious states of 
combination, constitute the great bulk of plants. They occur in the 
form of bi nary compounds, as water and oily matters ; teriiary, as 
starch, gum, siigafi" and cellulose; quaternary, as gluten, albumen, 
caseine, and fihrine. The latter compounds seem to require for their 
composition, not merely the elements already noticed, in the form of a 
basis, called Protcine (C^ accorc^ng to Miilder, or 

JJS6 Q14 according to Liebig), but certain proportions of sulphur and 
phosphorus in addition ; thus, albumen = 10 Pr. + 1 P + IS; fibrine 
= 10 Pr. + 1 P -f 2 S; caseine = 10 Pr. -f* ^ S. The tissues into the 
composition of which these" proteiiie compounds enter, are tinged of a 
deep orange-yellow, by strong nitric acid. ' These compounds are highly 
important in an agricultural point of view, and the consideration of 
them will be resumed when treating of the application of manures. 
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Inorganic ConstitiikmtSy and their Sources. 

219. Tlie consideration of the inotganic constituents of plants is no 
less important than the study of their organic elements. The organic 
substances formed by plants are decomposed by a moderately high 
temperature; they easily undergo putrefection^ especially when ex- 
230sed to a moist and warm atmosphere, and they have not been formed 
by human art. Their inorganic constituents, on the other hand, are 
not so easily decomposed; they do not imdergo putrefaction, and they 
have been formed artificially by the chemist. 

220. Tlie combustible or org?inic part of plants, even in a dried 
state, forms from 88 to 99 per cent, of their whole weight. Conse- 
quently, the ash or inorganic matter frequently con^tutes a very small 
proportion of the vegetable tissue. It is not, however, on tliis account 
to be n<‘glected, for it is found to be of great importance in the 
economy of vegetation, not merely on account of its entering directly 
into the constitution of various organs, but also from assisting in the 
production of certain orgtuiic comjjoimds. Some of the lower tribes of 
e(‘llular plants can exist apparently without any inorganic matter. 
Thus ^liilder could not detect a particle of ash in Mycoderma vini, 
nor in moulds produced in large quantity by mUk sugar. Deficiency of 
inorganic matters, however, in general injures the vigour of plants, and 
it w'ill be found that, in an agricultural point of view, they require 
particulai' attention — a distinct relation subsisting between the kind and 
<]uality of the croj), and the nature and chemical composition of the 
soil in which it grows. It has been shown by careful and repeated 
experiments, that, when a plant is healthy and fairly ripens its seeds, 
the quantity and quality of the ash is nearly the same in whatever 
soil it is grown ; and that, when two different species are grown in the 
same soil, the cjuantity and quality of the ash varies — ^the difference 
being greater the more remote the natural affinities of the plants are. 

221. Tlie inorganic elements of plants and their combinations, are 
thus given by Johnston: — 

Chlorine (Cl.) combined with metals forming chlorides. 

Iodine (I.) 

Bromine (Br.) 

Sulphur (S.) 

Phosphorus (P.) 

Potassium (K.) 

Sodium (Na.) 

Calcium (Ca.) 


metals 

metals 

metals 

lyrdrogen . 

oxygen • 
oxygen . 
" oxygen . 
chlorine . 
oxygen . 

chlorine . 

oxygen . 
chlorine . 


iodides. 

bromides. 

sulphurets. 

{ sulphuretted hydrogen, or 
hydAi-sulphtiric acid, 
sulphuric acid, 
phosphoric acid, 
potassa. 

chloride of potassium, 
soda. 

(chloride of sodium. 

( (common salt. ) 
lime. 

chloride of calcium. 
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Magoesium (Mg.) combined with oxygen forming magnesia. 

Aluminam (Ab) oxygto ... alumina. 

Silica (Si.) ' oxygen ... silica. 

I^(Fe.) ■) (oxides 


Manganese (Mn.)y- 
C?opper(Cu.) ) 


oxygen 

sulphur 


•< and 
(snlpburets. 


222. Tlie quantity of inorganic matter or ash left by plants, varies 
in different species, and in different parts of the same plant. Tlie 
dried leaves usually contain a large quantity. Saussure found that — 


Dried bark of Oak gave. 

Dried leaves 

Dried Albiimum 

Dried duramen 


.60 of ash in 1000 

.53 

. 4 

2 


The dried leaves of Elm contain more than 1 1 per cent, of inorganic 
matter, while the wood contains less than 2 per cent. ; the leaves of 
the Willow, 8 per cent., wood, 0*45 ; leaves of Beech, 6*69, wood, 
0*36; leaves of Pitch-pine, 3*5, wood, 0*25. Thus, the decaying 
leaves of trees restore a large quantity of inorganic matter to tlie soil. 

223. Tlie following tables show the relative proportion of inorgiinic 
compoimds present in the ash of plants: — 


According to Sprcngcl, 1000 lbs. of wheat leave 11*77 lbs., and of wheat 
straw 35*18 lbs. or ash, consisting of — 


Potash 

Soda 

Lime 

Magnesia 

Alumina with trace of iron 

Silica 

Sulphuric acid 

Phosphoric acid 

Chlorine 


Grain. 

Straw. 

2*25 

0*20 

2*40 

.. 0*29 

0*96 

2*40 

0*90 

0*32 

0*26 

090 

4*00 

28*70 

0*50 

0*37 

, 0*40 

1*70 

0*10 

... 0*30 

n'77 lbs. 

35*18] 


In 1000 lbs. of the grain of the Oat, are contained 25*80 !!).«?., and of the dry 
straw 57*40 lbs. of inorganic matter, consisting of — 


Pot.nsli 

Grain. 

l-bO 

Straw. 

8*70 

Soda 

1*32 

0*02 

Lime 

0*86 

1*52 

P. - . . . 

.v: 0*67 

0*22 

Alumina 

0*14 

0*06 

Oxide of iron 

-0*40 

0*02 

Oxide of manganese 

0*00 

0*02 

Silica 

19*76 

....V 45*88 

Sulphuric acid 

0*35 

0*79 

Phosphoric acid 

0*70 

0*12 

Chlorine 

0*10 

0*05 


25-80 Ibf. 

57*40 lbs. 
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In 1000 lbs. of the Held Bean, field Pea, and Bye-^rass bay, alter being dried in 
the air, the following is the amount of ash, and its composition : — 



Field Bean. 

Field Pea. 

Rye-eraas 


Seed. 

Straw. 

Seed. 

Straw. 

Hay. 

Potash 

..4*15 .. 

. 16-.56 ... 

... 8*10 . 

.. 2*35 .. 

... 8*81 

Soda 

.8*16 .. 

. 0*50 ... 

... 7*39 . 

.. — .. 

... 3*94 

Lime 

. 1-65 .. 

.. 6*24 ... 

... 0*58 . 

27*30 .. 

... 7*34 

Magnesia 

..1-.58 .. 

.. 2*09 ... 

... 1*36 

. 3*42 .. 

... 0-90 

Alnmina 

..0-34 

.. 010 ... 

... 0*20 , 

... 0*60 .. 

... 0*31 

Oxide of Iron 

.. — . 

.. 007 ... 

.... 0*10 

... 0*20 .. 

... — 

Oxide of Manganese. 

.. — ., 

.. 0*05 ... 

... — 

... 0*07 .. 

... — 

Silica 

..1*26 .. 

.. 2*20 ... 

... 4*10 . 

... 9*96 .. 

... 27-72 

Sulphuric acid 

..0*89 .. 

.. 034 ... 

... 0 .53 . 

... 337 .. 

... 353 

Phosphoric acid.. 

..2*92 

. 2 26 ... 

... 1*90 . 

... 2*40 .. 

... ,0 25 

Chlorine 

..0-41 .. 

.. 0.80 ... 

... 0-38 . 

... 004 .. 

... 006 


2136 

31*21 

24*64 

49*71 

.52*86 


224. Dr. R. D. Tliomsa^.givi*s the following analysis of the inorganic 
matter in the stem and seeds of Lolium perenne : — 



Stem. 

Seed. 



64*57 

42*28 

Phosphoric acid 

12*51 

18*89 

Siilplinric acid 


3*12 

Chlorine 


trace. 

Carbonic acid 



3*61 

Magnesia... 

4*01 

5’31 

Lime 

6*50 

...... 18*55 

Peroxide of Iron 

0*36 

2*10 

I’otash 

8*03 

4*80 

Soda 


1...... 1*38 


225. Tliesc substances are variously combined in plants, in the form 
of sulphates, phosphates, silicates, and clilorides. Some plants, as 
Wh(?at, Oats, Bailey, and Rye, contain a large quantity of Silica in 
their straw; others, such as Tobacco, Pexi-straw, Meadow-clover, Potato- 
hauhn, and Sainlbin, contain much lime; while Tiunips, Beet-root, 
I’otatocs, JerusaleHi-artichoke, and Maize- straw, have a large proportion 
of salts of potash and soda in their composition. Sulphates and phos- 
I)hates are required to supply part of the material necessary for the 
composition of the nutritritive pioteine compounds found in grain. 

226. Hiiira abounds in Grasses, in. Equisitem, and other plants, 
giving firmness to their stems. The quantity contained in the Bam- 
boo is very large, and it is occasionally found in the joints in the form 
of Tabasheer. Reeds, from the quantity of siliceous matter they con- 
tain, are said, during hurricanes in warm climates, to have actually 
caused conflagrations by striking against each other. In the species 
of Equisetum, the silica in the ash is as follows : — 

I 



114 


mORGANXC COKSTirUENTS OF PLANTS. 


Asli. 

Eqaisetiim arvense 13*84 

limosuDO 15*50 

hyemalo 1 1*81 

; Teliuateia 23*61 

The third of these famishes Dutch Rush, used for polishing mahogany. 
The silica is deposited in a regular manner, forming an integral part 
of the stmcture of the plant. Many insoluble matters, as silica, seem 
to be deposited in cells by a process of decomposition. Thus, silicate 
of potash in a vegetable sap may be mixed with oxalic acid, by which 
oxjJate of potash, and silicic acid will be produced, as in the cells of 
Grasses and Equisetum. Chara translucens has a covering of silicitt 
acid, while C. vulgaris has one composed of silicic acid and carbo- 
nate of lime ; and Chara hispida has a covering ol* carbonate of lime 
alone. 

227. liime is found in aU plants, and in some it exists in largi' 
quantity. It occurs sometimes in the form of carbonate on the sur- 
face of plants. Thus, many of the Characoie have a calcareous encrus- 
*tation. The crystals or raphides (1[ 18) found in the cells of plants, 

have lime in their composition. 

228. Soda aad Potaisli occur abundantly in plants. T^losc^ grow- 

ing near the sea have a large proportion of soda in their coinix>sition, 
while those growing inland contain potash. Various species of Salsola, 
Salicomia, Halimocnemum, and Kochia, yield soda for commercial pur 
poses, and are called Halophytes salt, and pltint). Tlie 

young plants, according to Gobd, furnish more soda than the old ones 
There are certain species, as Armeria maritima, Cochlcaria officinalis, 
and Plantago maritima, which are found both on the sea-shore, and 
high on the moimtains removed from the sea. In the former situation 
they contain much soda and some iodine ; while in the latter, accord - 
to Dr. Dickie, potash prevails, and iodine disappears. 

229. Iron, Maaguneiie, and Goppert especi^ly the two last, exist 
in small quantity in plants. Copper was detected, by Sarzean, in 
coffee. 

230. All these inorganic matters are derived in a state of solution 
from the soil, and plants are said to have, as it were, a power of selec- 
tion, certain matters being taken up by their roots iu preference to 
others. Saussure made a series of bxi>eriments on tliis subject, and 
stated that when the roots of plants were put into solutions contain- 
ing various saline matters in equal proportions, some substances w*ere 
taken up by imbibition in larger proportion than others. Bouchardat 
doubts the accuracy of Saussure’s conclusions on this point. He thinks 
that errors arose from the excretions of the plants and other causes. 
He performed similar experiments with plants of Mint, which had been 
growing for six months in water previous to experiment, and he found 


SiliCB. 

6*38 

6*r30 

8*75 

12*00 
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that in cases of mixed salts in water, the plant absorbed all in equal 
proportions. Daubeny states, that if a particular salt is not present, 
the plant frequently takes up an isomorphous one. 

231. The differences in the absorption of solutions depend, per- 
haps, on the relative densities alone, and not on any peculiar selecting 
power in roots, for it is well known that poisonous matters are absorbed 
as well as those which are wholesome. The following experiments show 
that poisonous matters in solutions, varying from half a grain to five 
grains to the ounce of water, are taken up by roots, and that some 
substances which are poisonous to animals do not appear to act ener- 
getically upon plants ; — 


Chloride of zinc, 

SulpliAtc of zinc, 

Sulphate of copper, 
Nitrate of copper, 

Acetate of copper, 

Bichloride of mercury, 

Arsenious acid, 

A rseniate of potash, 
Acetate of lead, 

Bichromate of potash, ... 

Nitrates sulphate of iron,... 
Chloride of barium. 

Nitrate of barytii. 

Nitrate of strontia, 

Muriate, sulphate, and) 
nitrate of lime, / ’*’ 

Sulphate and iriuriatei 
of magnesia, J *’* 

riiosphate of soda, 

Chloride of sodium, 


Growing Thants. 

1 beans, 

. cabbages, and wheat, 

. beans, 

. beaus, 

. cabbages, 

^beans, 

< wheat, 

(cabbages, 
cabbages and wheat, 
barley and cabbages, 
beans, 

cabbages, beans, barley, 

beans, 

beans, 

cabbages and wheat, 
beans, 


beans, 

beans and cabbages, 

beans and cabbages, 
beans and calibogcs, 


^ quickly destroyed. 


} weak solutions did not 
destroy, 

destroyed in a few days. 
( destroyed unless much 
( diluted, 

destroyed in a few days. 

I quickly destroyed. 

{ plants uninjured, except 
solution strong. 

J improved when veiy di- 
( luted, 

injured, and if strong 
destroved. 


{ 

j- no injury when diluted. 


232. Rotation of Crops. — ^As the inorganic materials which enter 
into the composition of plants vary much in thefr nature and relative 
proportions, it is e\'ident that a soil may contain those necessary for 
the growth of certain species, ^vhile it may be deficient in those 
]’( quired by others. It is on this principle that the rotation of crops 
; roceeds ; those plants succeeding each other in rotation which require 
rlifferent inorganic compounds lor their growth. In ordinary cases, 
except in the case of very fertile virgin soil, a crop, by being constotly 
grown in successive years on the same field, will deteriorate in a 
marked degree. Dr. Daubeny has put this to the test of experiment, 
by causing plants to grow on the same and different plots in successive 
years, and noting the results : — 
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Potatoes, jin diflfe^nt plots 

{di^nt.‘.!.'.‘.‘.”.‘.‘.‘! 
Beans, {diferent."!."!!!!;! 

fitt;;.:::::;;;: 

{Snt.:::::;::::; 

®*‘** {daffiaent".3.‘.V.' 


Average of 5 yearai 
. 72*9 lbs. tubers. 
. 92*8 — — 

, 15*0 lbs. 

19*9 

S2*8 

34*8 

30*0 

46*5 

104-0 

173-0 

28-0 

32-4 


1 his shows a manifest advantage in shifting crops, varying from 1 to 
75 per cent, ; the deficiency of inorganic matter being the chief cause 
cf difference. As this matter is shown to be of great importance to 
plants, it follows that the composition of soil is a subject requiring 
special notice. 


CHEMICAL COMPOSITON OF SOILS. 

233. Soils have been divided in the follo-wing way, according to the 
proportion of clay, sand, and lime, whicli they possess 

1. Argillaceous soils, possessing little or no calcareous matter, and above 

50 per cent, of clay. 

2. Loamy soils, containing from 20 to 50 per cent, of clay. 

3. Sandy soils, not more than 10 per cent, of clay. 

4. Marly soils, 5 to 20 per cent, of calcareous matter. 

5. Calcareous soils, more than 20 per cent, of carbonate of lime. 

6. Humus soils, in which vegetable mould abounds. 

Below the superficial soil there exists what is called subsoil, wliich 
varies in its composition, and often differs much from that on the 
surface. Into it the rain carries down various soluble inorganic mat- 
ters, which, when brought to the surface by agricultural operations, as 
trenching and subsoil ploughing, may materially promote the growth 
of crops. 

234. siniiins, or decaying woody fibre, exists in soils to a certain 
amount. This has been called also uhnim, or coal of humus. In a 
soluble state it forms humic and ulnuc acid. Humus absorbs ammo- 
nia, and it is slowly acted upon by tne atmosphere, so as to form car- 
bonic acid by combination with oxygen. Peaty softs contain much of 
this substance. When peroxide of iron is present in such softs, it 
loses part of its oxygen, and is converted into the protoxide. 

235. Silica in greater or less quantity, is found in all softs ; but it 
abounds in sandy soils. In its ordinary state it is insoluble, and it is 
only when acted upon by alkaline matter in the soft that it forms com- 
pounds which can be absorbed by plants. Silica, in a soluble state. 
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exists in minute quantities in soils ; the proportion, according to John- 
ston, varying from 0*16 to 0*84 iU' 100 parts, while the insoluble 
siliceous matter varies from 60*47 to 83*31 in 100 parts. Wiegman 
and Polstorf found that plants took up the silica from a soil composed 
entirely of quartz sand, from which every thing organic and soluble 
had been removed. The following table shows the plants which ger- 
minated, the height to which they grew previously to being analysed, 
the quantity of silica they contained when planted, and the increase : — 




Silica in the ash. 

Silica had 


Height 

Seed. 

Plant 

increased. 

Barley 


.. 0*034 

0*355 .. 

.... 10 times. 

Oats 

18 — . 

.. 0*064 

0*354 

H - 

Buckwheat..., 

.....18 — 

.. 0*004 

0*075 

18 ^ 

Vetch 

.....10 — 

.. 0*013 

0*135 

10 ^ 

Clover 

3i - ... 

.. 0*009 

0*091 

10 — 

Tobacco 


.. 0.001 

0*549 

500 — 


236. Alumina exists abundantly in clayey soils, but it does not enter 
largely into the composition of plants. It has the power of absorbing 
ammonia, and may prove beneficial in this way. 

237. Eiime is an essential ingredient in all fertile soils. In 1000 
lbs. of such soil, there arc, according to Johnston, 56 lbs of lime ; 
while barren soil contains only 4 lbs. The presence of phosphoric 
acid in soils, in the form of phosphates of potass, soda, and lime, is 
essential for the production of certain azotised compounds in plants ; 
and sulphuric acid, similarly combined, is requii'ed for the formation 
of others. 

238. A rough way of estimating the general nature of a soil, is thus 
given by professor Johnston : — 

1. Weigh A given portion of soil, heat it and dry it. The loss is water. 

2. Bum what remains. The loss is chiefly vegetable matter. 

3. Add muriatic acid to residue, and thus the quantity of lime may be 

determined. 

4. Wash a fresh portion of soil to determine the quantity of insoluble 

siliceous sand. 

Such an analysis, however, is by no means sufficient for the pur- 
poses of the farmer. 

239. The chemical composition of a plant being known, conclusions 
i;an be drawn as to the soil most suitable for its growth. Tliis is a 
matter of great importance both to the fiirmer and to the planter. In 
order that a plant may thrive, even in a suitable soil, exposure and 
altitude must also be taken into accoimt. It is only by attention to 
these particulars that agricultural and foresting operations can be 
successful As regards trees, tlie following practical observations are 
given as an illustration of what has been stated. The Scotch Pir 
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thrives best in a healthy soil, incxunbent on a pervious subsoil, and at 
a high altitude ; Lardi in loam, vrith a dry subsoil, in a high situa- 
tion, and on sloping banks ; Spruce and silver firs, in soft loam or 
peaty soil, in a low moist situation, but they will also grow in a dry 
soil, and in a pretty high altitude; Oak in any soil and situation under 
800 feet above the level of the sea, but it thrives best in clayey loam, 
on a rather retentive subsoil, and on gently sloping ground ; Ash and 
Elm, on a gravelly loam, on gravel or sand, at an altitude under 
500 feet above the level of the sea; Sycamore, at 100 feet higher 
than the ash or ftlm, and in a more retentive soil and subsoil ; Beech, 
on a diy gravelly soil, and in a rather high situation, but it is often 
luxuriant on strong retentive clay, and in a low damp situation. 


APPLICATION OP MAKL'BE. 

240. If the soil does not contain the ingredients required for a 
crop, they must be added in the form of manure. The principle of 
manuring is to supply what the plant cannot obtain from the soil, and 
to render certain matters already in the soil available for nutrition. 
In order that this may be properly practised, there must be an 
analysis of the soil, of the plant, and of the manure. Hence the im- 
portance of agricultural chemistry to the farmer. 


Varmts kinds of Mmnn, 



241. Nataral Flamrea, as farm-yard dung, are more valuable than 
simple manures; inasmuch as the former ilimish all the substances 
required for the growth of plants, while the latter only supply a 
particular ingredient. The plant itself, in a soluble state, would be 
the best manure. In ordinary &rm-yard manure, the straw is again 
made available for the purpose of the plant. The whole crop of wheat 
and oats, however, cannot be returned to the soil, as part must be 
retained for food. A substitute, therefore, must be found for the 
portion thus taken away. This contains both azotised and unazotised 
matters, the former consisting of proteine compounds which supply 
nitrogen for the muscular tissue of man and animals ; the latter of 
starchy, mucilaginous and saccharine matters, which furnish carbon as 
a material for respiration and fat. The object of manuring is chiefly 
to increase the former, and hence those manures are most valuable 
which contain soluble nitrogenous compounds. 

242. The value of manures is often estimated by the quantity of 
gluten which is produced by their application. Hermbstaedt sowed 
equal quantities of the same wheat on equal plots of the same ground, 
and manured them with equal weights of different manures, and from 
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100 parts of each sample of grain produced, he obtained gluten and 
starch in the following proportions : — 



Gluten. 

9*2 

Starch. 

66*7 


12*0 

62 3 


12*2 

63*2 

Horse do 

137 

61-6 

(Joats* do-i 

32-9 

42*4 

Shpftn do 

32*9 

42-8 

Dried snil 

33*1 

41*4 

Dried Ox i)lood 

34*2 

41*3 


243. Manures containing ammonia, owe their excellent qualities to 
the nitrogen which enters into their composition ; hence the value of 
sulphate of ammonia, ammoniiical liquor of gas-works, and urine. Tlie 
value of guano, or the dung of sea-fowl, depends chiefly on the ammo- 
niacal salts, and the phosphates which it contains; thus supplying the 
nitrogen and phosphorus requisite for the proteine compound which 
contain the elements of flesh and blood. The guano, which is 
imported, is the excrement of nimierous sea-fowl which frequent the 
shores of South America and Africa. It often contains beautiful 
specimens of infusoria, as Campylodiscus, Coscinodiseus, &c. The 
guano found in csi ves on the coasts of Malacca and Cochin-China, is the 
produce of frugivorous and insectivorous bats, and of a species of 
swalloAV — the last being the best. 

244. The following analyses by Dr. Colquhoun of Glasgow, which 
are the result of an examination of a large number of samples, give a 
genej-al idea of the composition of guano. The term ammoniacaL 
matter includes urate of ammonia and gther ammoniacal salts, n 
oxalate, phosphate, and muriate, as well as decayed organic matter oT 
animal origin. Tlie term hone earthy includes posphate of lime 
(always the principal ingredient), phosphate of magnesia (always in 
small amount), oxalate of lime; and in African guano, a minute 
quantity of carbonate of lime, and from ^ to 2 per cent, of fragments 
of sea shells. The fixed alixtline saUs^ are various salts of soda, as 
muriate, phosphate, and sulphate ; a little of a potash salt has been 
detected. 


South AiRenican Omm. 


Ammoniacal matter 

Fine Ciiinchu. 

Muldlii)^ 

... 42 

Inferior. 

I/w 

Qualities. 


28 ... 

.. 12 

... 15 

Bone earth 

20 .... 

. . 24 

30 ... 
21 ... 

.. 50 

... 37 

Fixed alkaline salts 


.. 14 

.. 10 

... 5 

Rock, sand, earth... 


5 

3 ... 

.. 15 

... 84 

Water 

7*6 .... 

.. 15 

18 .... 

.. 13 

... 9 


, 100*0 

100 

100 

100 

100 
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African Chiomo, 


Ammoniacal matter.... 

Best Ichaboe. 

Inferior. 

28 

Low Quality. 
20 

Bone earth 


21 

17 

Fixed alkaline salts..... 


16 

14 

Rock, sand, earth 


3 

25 

Water 


32 

24 


100 

100 

100 


245. The guano from the islands on the British coasts, contains the 
same ingredients, but the soluble salts are generally washed out by 
the action of rain. The following is the analysis, by Dr. R. D. 
Thomson, of guano gathered on Ailsa Craig : — 


Water 50*30 

Organic matter and ammoniacol salts, containing 3*47 per 

cent, of ammonia 12 *50 

Phosphates of lime and magnesia 12*10 

Oxalate of lime 1*50 

Sulphate and phosphate of potash, and chloride of potass! am 1 * 00 
Earthy matter and sand 15.00 


246. Simple Maiinm supply only one or two of the materials re- 
quired for the growth and nourishment of plants. The ammoniacal 
liquor of gas-works^ in a very diluted state, has been advantfigeously 
applied to the soil, on account of the nitrogen which it supplies. Soot 
has also been used, from furnishing salts of ammonia. Nitrates of 
potash cmd soda have been recommended not only on accoimt of the 
alkalies, but also on account of the nitrogen which they contain, in the 
form of nitric acid. The quantity of gluten is said to be increased by 
the use of nitrates. Carbonate of potash and soda and chloride of 
sodium^ are frequently used as manures. The latter is especially use- 
ful in the case of plants cultivated inland, wliich were originally 
natives of the sea-shore, as Cabbage, Asparagus, and Sea-kale. As 
Ume is found in all plants, the salts containing it are of great import- 
ance. It may be used in the caustic state mth the view of decom- 
posing vegetable matter, and aiding in the formation of carbonic acid. 
It also neutralizes any acid previously in the soil, as is said to occur 
occasionally in boggy and marshy land, abounding in species of Juncus, 
Carex, and Eriophorum, with some CaUuna '^garis. Lime also 
ccHubines with certain elements of the soil, and sets potash free, which 
reacts on the silica, and renders It soluble. Lime is sometimes washed 
down into the subsoil; and, in such cases, trenching improves the land. 
PhoBphate of lime is a valuable manure, both on account of the lime, 
and of the phosphorus which it contains. Without the presence of 
phosphates, gluten, and the proteine compounds of plants, cannot bo 
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formed. Phosphate of lime exists abundantly in animal tissues ; and 
hence it must be furnished by plants. The use of bone-dust as a 
manure, depends in a great measure on the phosphate of lime which 
it contains. Besides phosphate of lime, bones contain about 3 per 
cent, of phosphate of magnesia, carbonate of lime, and salts of soda. 
Tlie gelatine of bones also seems to act beneficially, by forming car- 
bonic add and ammonia. Bones are best applied mixed with sulphuric 
acid, so as to give rise to the formation of soluble phosphates by de- 
composition. They are broken into pieces, and mixed with half their 
weight of boiling water, and then with lialf their weight of sulphuric 
acid. The mixture is applied to the soil, either in a dry state by 
the drill, with saw-dust and charcoal added, or in a liquid state diluted 
with 100 to 200 waters. Phosphates and other inorganic matters, 
sometimes exist potentially in the soil, but in a dormant state, re- 
quiring the addition of something to render them soluble. Allowing 
the ground to lie fallow, and stirring and pulverizing it, are methods 
by which air and moisture are admitted, and time is allowed for the 
decomposition of the materials, which are thus rendered available for 
plants. Sulphur exists in considerable quantity in some plants, as 
Cruciferaj, and it forms an element in ^bumen ; hence the use of 
smlphuric acid and of sulphates as manures. Sulphate of lime or 
gypsum, is well fitted as a manure for clover. It acts in supplying 
sulphur and Hme, and in absorbing ammonia. Charcoal in a solid 
state, has been applied with advantage as a manure. It acts partly 
by taking up ammonia in large quantities, and partly in combining 
slowly with oxygen, so as to form carbonic acid. The effects of car- 
bonic acid on vegetation are said to be remarkably conspicuous in 
some volcanic countries, in which this gas is evolved from tlie bottom 
of lakes. When it accumulates in large quantities, however, it destroys 
plants as well as animals. 

247, manarinii; wjth Qreen €>opa is sometimes practised. The 
mode adopted is to sow certain green crops, the roots of which extend 
deeply into the soil; and when the plants have advanced considerably 
in growth, to plough them in, and sow a crop of some kind of grain. 
In this way the nutritive matter from the deeper part of the soil is 
brought within reach of the roots of the grain crop. Manuring with 
fiea-weeds is also resorted to in cases where they are accessible. They 
suppler abundance of carbonate, pliosphate, and sulphate of lime, besides 
(ililoride of sodium. There are considerable differences in their (^emical 
composition; tlius, while in Laminaria saccharina, alkaline carbonates, 
potash, and iodine, predominate ; in Fucus vesiculosus and serratus, 
sulphates and soda are in excess, and iodine is less abundant. In the 
cultivation of the Coco-nut Palm, Mr. M^Nab finds that sea-weeds act 

avery beneficially. 

248. Xiiqnidi ifimiiim hare of late years been much employed, and 
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the formation of tanks for their reception has been strongly recom- 
mended, in which the ammonia is fixed by the addition of sulphuric 
acid or charcoal. They can be applied after vegetation has advanced, 
and they are in a state to be made at once available to the crop. More 
recently some have advocated a system of steeping seeds and grains in 
certain solutions before sowing them. Professor Johnston suggests 
a mixture of phosphate of soda, sulphate of magnesia, nitrate of potash, 
common salt, and sulphate of ammonia (1 lb. of each), in ten gallons 
of water, to steep 300 lbs. of seeds, which are to be afterwards dried 
with gypsum or quicklime. 

249. The following experiment, conducted by Mr. Wilson, at Knock, 
near Largs, shows the mode of estimating the effects of manures. The 
land was a piece of three-year old pasture, of uniform quality. It was 
divided into ten lots, mid these were treated with different khids of 
manure. The quantity of weU-made hay is ^ven in lbs. *. — 


Prothwe RuUt 

per Lof. per Arm 


\ . — neft untouched 420 3360 

“ S , — 2^ barrels Irish quicklime, 602 4816 

3 — 20 cwt. I/ime of works, 651 .5208 

4 . — cwt. Wood charcoal powder, 665 5320 

5 — 2 bushels Bone-dust, 603 5544 

“ 6 — 18 lbs. Nitrate of potash, 742 .5936 

“ 7 — 20 lbs. Nitrate of soda, 7^*4 6272 

8 — 2^ bolls Soot, 810 6552 

“ 9 — 28 lbs. Sulphate of ammonia 874 6776 


“10. — 100 gallons Ammoniacal liquor of ga6-works.> 

50 Tweddell-s hydrWter,...; »*•’ 

The value of each application was the same, all were applied at the 
same time, and the grass also was cut at the same time. 

250. Plants are thus employed to form from the atmosphere and 
soil those organic products which are requisite for the nourishment of 
man and animals. * While an animal consumes carbon so as to form 
carbonic acid, gives off ammonia in various excretions, transforms 
organized into mineral matters, and restores its elements to air and 
earth ; a plant, on the other hand, fixes carbon in its substance and 
gives off oxygen, forms from ammonia solid compounds, transforms 
mineral into organized matters, and derives its elements from the air 
and earth. Thus, says Dumas, what the atmosphere and soil yield to 
plants, plants yield to animals, and animals return to the air and earth, 
a constant round in which matter merely changes its place and form.* 

* For foUer particolan an to the food of p]ant^ analyses of plants, soiH manures, and rota- 
tion of crops, see Johnston's Lectures on Agricultural Chemistiy ; Liebig's Works; Dumas on 
Organic Nature; Da'^'s Agricultural Chemistry, by Shier; Mttlder's Chemistry of Organic 
Bodies, translated by Ax)mberg; and various Papers in the Quarterly Journal of Agrlciutnre 
1814-46; Sauaanre's Works; Dauheny on Rotation of Crops, PhiL Trana 1846; Boussingault, 
Eoonomie Bnrala 
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EPIPHYTIC AND PABASITIC PLANTS. 

2ol. Some plants grow without any attachment to the soil, and are 
able to derive in a great measure, from the atmosphere, all the ma- 
terials required for their growth. Such plants are called Epiphytes (g9r<, 
upon, and qtvroy, a plant), or air-plants^ and may be illustrated by the 
Tillandsias, Bromelias, and Orchids of warm dimates. Such plants, 
when attached to the surface of trees, may perhaps derive some nourish- 
ment from the inorganic matter in the decaying bark; but they do not 
become incorporated, so to speak, with the trees. 

252. There are other plants, however, which are true Parasites 
beside, and ffiros, food, deriving food from .another), sending prolonga- 
tions of thdr tissue into other plants, and preying upon them. Many 
Fungi, for instance, develop their spores (seeds) and spawn (mycelium) 
in the interior of living or dead plants, and thus cause rapid decay. 
The disease of com, called smut and rust, and the dry rot in wood, are 

due to the attacks of those paivisitic Fungi. The minute dust or powdtjr 
produced by these plants, consists of millions of germs which are easily 
iiamed about in ibe atmospbore, ready to fix themselvOS Oh any plants 
where they can find a nidus. There are also flowering plants which 
grow parasitically, and they may be divided into two classes*, 1. Those 
which are of a pale or brownish colour, and have scales in place of 
leaves ; and 2. Those which are of a green colour, and have leaves. 
Tlie former, including Orobanche or broom-rapes, Lathrsea or tooth - 
wort, Cuscuta or dodder, derive their nourishment entirely from the 
plant to which they are united, and seem to have little power of elabor- 
ating a peculiar sap ; while the latter, as Loranthus, Viscum or misle- 
toe, JMyzodendron, Tliesium, Euphrasia, Melampyrum, and Buchnera, 
expose the sap to the action of air and light in their leaves, and tlius 
allow certain clianges to take place in it. The Misletoo, from its power 
of elaboration, is able to grow on different species of plants, as on the 
apple, beech, oak, &c. Some of these parasites are attached to the roots 
of plants by means of suckers, as in the case of Broom-rapes, Tooth- 
wort, and Thesium ; while others, as Dodder, Misletoe, &c., feed upon 
the stems. Tlie plants to which the parasites are attached give origin 
frequently to their specific names. The species of Cuscuta or dodder, 
inhabit all the temperate and warm parts of the globe, and are peculiarly 
destructive to clover and lint. They are produced from seed which at 
hi 3t germinates in the soil like othef plants; but after the stem has coiled 
losely round another plant, and becomes attached to it by means of 
suckers, then all connection with the soil ceases, and the Dodder con- 
&ues its life as a parasite, A remarkable tribe of parasites, called ^ 
Rafflesias, has been found in Sumatra and Java. They are leafless, and 
produce brown-coloured flowers, which are sometimes tluee feet in 
diameter. On account of their only producing a flower and root, 
they are denominated P/iizanths (it^et, a root, and Mas, a flower). 
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2.-.ABS0RKEI0N AND CutOULATlON OF FdUIDS. 

253. WMle the leaves and other aerial organs of plants have the 
power of absorbing fltdds, it is chiefly in the roots that tl^process takes 
place. The cells of tlie spongioles or fibrils of the roots^ are covered 
by a very delicate membrane (f 120), which allows, the imbibition of 
fluids to proceed rapidly; and as additions are made to their extremi- 
ties, they are constantly placed in circumstances favourable for the re- 
ception of fresh nutriment. The nutritive materials in the soil, partly 
derived firom the decomposition of organic and inorganic materials, 
and partly from the atmosphere, are supplied to the roots in a state of 
solution; and as the substances in the cells of plants are usually denser 
than the external fluid matters, a process of endosmose takes place by 
which the latter pass through the ceU-membrane in large quantities, 
while a small portion of the former is given off or excreted by exosmose. 
These movements have already been alluded to as taking place be- 
tween fluids of different densities, when separated by an animal or 
vegetable membrane 27). They are referred by some to electrical 
agency, and they perform mi important part in the motions of vege- 
table fluids./ ' . 

254. Endosmose and Exosmose, then, are the names given to the 
phenomena of mixture through a membrane accompanied with change 

of volume. The former being given when the volume 
increases by an in-going strong current, the latter when 
the volume diminishes by an out-going weak current. 
In most cases, but not all, the dense fluid increases. 
The rapidity of the mixture depends on the position 
which the denser fluid occupies being quicker when it 
is uppermost. In fig. 222 is represented the mode 
of showing endosmose by means of a bladder full 
of syrup, which is attached to the end of a tube and 
immersed in water. In this case the water passes 
rapidly into the bladder by endosmose, so that the fluid 
rises in the tube, while a portion of the thicker fluid 
passes out by exosmose. The force of this endosmose 
may be measured by a graduated tube, as in the figure, 
or by a tube with a double curvature, as fig. 224, the 
lower part of which is filled with mercury. In the 
latter case, the m?rcury is pushed upwards into a 
^ graduated tube, and thus an endosmosmeter a 

measure), or measure of tlie force of endosmose, is formed. 

255. Dutrochet found that with a membrane of 40 millimetres* in 

* A millimetre is about l-25th of on English inch. 

Fig. 222.— Instrument to show Endosmose and Exosmose, consisting of a bladder containing 
syrup attadied to a tube, and plunged in a vessel of water. The inward motion of tlie water 
^.endosmose) exceeds the outward movement of the syru|r (exosmose). 
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diameter, a tube of 2 millimetres, and a solution df sugar, the density 
which was 1*083, the fluid rose 39 millimetre ia the space of ah' 
hour and a half; with syrup, of density 1*145,^^^ rise was 68 milli- 
metres; and with syrup, of density 1*228, the rise was 106 milli- 
metres. Syrup of density 1*3, produced a current capable of raising 
a coltunn of mercury of 127 inches, which is eq|i^4o a pressure of 
4i atmospheres. Thus the velocity and force of <Sbe rise depends 
on the excess of density of the interior liquor ov^ that of the water 
outside. Different substances act with various intensity in pro- 
ducing endosmose. The following ratio expresses the variable in- 
tensity of endosmose, in different cases in which the density of the 
solution was the same; — Solution of gelatine, 3; of gum, 5*17; of 
sugar, 11; of albumen, 12. In order that endosmose and exosmose 
may take place, the liquids must have an affinity for the interposed 
membrane, and an affinity for each other, and be miscible. Accord- 
ing to Matteucci and Cima, the interposed membrane, whether animal 
or vegetable, is very actively concerned in the intensity ' and direction 
of the endosmotic current. The different surfaces of membi^^ tdso 
act variously, and it is probable that the physiological condithm of ihe 
membrane has an important effect. 

250. The fluid matters absorbed by the roots are carried upwards 
through the cells and vessels of the stem, xmder the form of ascending 
or crude sap ; they pass into the leaves, where th^ are exposed to the 
influence of air and light, and afterwards return through the bark in the 
form of descending or elaborated sap^ and a portion of them ultimately 
reaches the root, where it ia either ' excreted pr mixed mth the new 
fluid entering from the soil. . . : 

257. Aflcendiaa or Crude Nap. — In order to show the courise of the 
fluids in exogenous stems, numerous experiments have been perft>med 
by Walker, De la Baisse, Burnett, Schultz, and others. These opnsisted 
in making incisions or notches in the bark and wood of tre^ at dif- 
ferent heights, and noting the points where the sap made its appearance 
at different periods of the year, more especially in spring; also in 
plunging plants with their roots entire into certain coloured solutions, 
find marldng the course of the coloured fluids. These experiments 
led to the conclusion that the sap ascends chiefly through the alburnum 
or newer wood, proceeds along the upper side of the leaves, and re- 
tiunoB by their lower side to tBe bark and root. If incisions are 
made into the trunk of a tree at different heights early in spring, it is 
found that the discharge of sap takes place, first from the lower parts 
of the incisions, and chiefly from the alburnum; while at a later period 
of the year the discharge, or the bleeding,* occurs on both sides of the 
incision, chiefly from the new wood on the lower side, and from the . 
bark on the upper side. If a plant be plunged into a weak solution 
of acetate of le^ (which is capable of being absorbed), the metal may 
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be detected, first in the new wood, next in the leaves, and then in the 

Wk. 

258. From the minuteness of the tissue, and the difficulty of ex- 
amining the circulation in a living plant, it is not easy to determine 
the vessels through which the sap moves. In its upward course, it 
appears to pass through the recent woody tissue and* the porous vessels, 
and in its downward course through the laliciferdus vessels and cellular 
tissue of the bark, being also transmitted laterally through the cells of 
the medullaiy rays. In some cases, when the bark has been removed, 
and the tree continues to live, the descent or fall of the sap takes place 
by the cells of the medullary rays. In the course of this circulation, 
the sap nourishes the different organs,nts carbonic acid and water are 
partly decomposed, combinations take place with nitrogen, protoplasm 
or formative matter is produced, and various secretions are formed in 
the cells and intercellular passages. 

259. Gaseous matters are taken up by the roots of plants and cir- 
culated along with the sap, as well as in the spiral vessels. These 
usually consist of common air, carbonic acid, and oxygen. Hales 
showed the existence off a large quantity of air in the vessels of the 
Vine, and Geiger and Proust have proved that the sap of this plant 
contains much carbonic acid. In some aquatic plants, as Pontederia 
and Trapa, there is a quantity of air contained in the vessels or inter- 
cellular spaces, with the view of floating them. In Vallisneria, the 
large cells in the centre of the leaves are surrounded by air cavities, 
which are seen as dark lines under the microscope. When cut, the air 
comes out in bubbles, and this escape will continue under water for 
several days, fi:om the part of the leaf attached to the plant, when ex- 
posed to the light. An ounce of air has been collected from two 
leaves of the pl^t in six days. This air, as wcU as that contained in 
sea-weeds, does not enter by stomata, tor none exist, but must be taken 
up by the cells probably in solution. 

260. Changes take place in the composition and density of the sap 
in its upward cottrse, but tlie chief alterations take place in the leaves. 
There it is exposed to the influence of light and air, by means of which, 
as will afterwards be seen, carbon and hydrogen are fixed, oxygen is 
given off, and an exhalation of watery fluids takes place. The sap 
becomes denser, and consequently the process of endosmose is pro- 
moted, so that the fluids pass from c^ to cell along the upper su^ace 
of the leaf, and are gradually propelled into the lower cells, where 
they are acted upon by the air through the stomata, and are ulti- 
mately sent into the vascular and cellular tissue of the bark, where 
further changes take place. 

261. diaborated or Deacondina Sap. — ^Tlie elaborated sap is some- 
times dear and transparent, at other times it is milky or variously 
coloured and opaque. By Schultz it has been called latex^ and the 
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vessels transmitting it have been denominated laticiferous (If 38). The 
latex contains granules, which exMbit pertain movements under Ihe 
microscope. These were first noticed by Schultz, who has written a 
very elaborate treatise on the subject.* On account of these move- 
ments in the latex, the laticiferoaaa vessels have been denominated 
Cinench^matous (xtAdtlji^ove), and the movements themselves are in- 
cluded under the mime Cychm a circle.) ^ Schultz looks upon 

the latex as a fiuid of vital impca1;pnce, and similar to the blood in 
animals, llis vidWs iire opposed by Mohl, Tristan, and Treviranus, 
who consider the latex as a granular fluid containing oil, resin, and 
<;aoutchouc, which exhibits molecular movements only when injury is 
done to the vessels containing it. 

262. The plants in which the movements are best observed, are those 
in which the latex is milky or coloured, such as various species of 
Ficus, Euphorbia, and Chelidonium. In fig. 223 there is represented 
a sm^ fi-agment of a leaf* of 
Chelidonium maj us {ceUvidine)^ 
wdiich shows the currents of 
orange granules in the lati- 
ciferous vessels, their direction 
being indicated by arrows. 

From observations made last 
smnmer, I arn disposed to agree 
with Schultz’s statements. It 
is true, as Mohl remarks, that 
any injury done to the part 
examined causes peculiar os- 
cillatq^ty movements, which 
speedily - cease. Thus if the 
young unexpanded sepal of 
the Celandine is removed from 
the plant, and put under the 
microscope, or if the inner 
lining of the young stipido of 
Ficus elastica be treated in a 
similar manner, very obvious 2^3 

nioiion is seen in the granular contents of the vessels, and this motion 
is affected by pricking.the vessel^ or by pressure. In order to avoid 
Kiilacy, however, I applied the microscope to the stipules of Ficus 
elastica, while. still attached to the plant and uninjured; and I remarked 
that, while pressure with any blimt object on the stipule caused a 

• Nova acta Acailoniiaj Caj*ir. Leopold-CaroL Natuiw Cuilos. toin. xviii. 

Fiff. 223. Small portion of the leaf of Chelidonium mtOus or Celandine, (highly magnified), 
snowing a network of laticiferous vessels. Tlie direction of the earrents in the vessels is imli 
cated hy the urrowu. 
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mark^ osdjlation in the ve^^eLs showing their continiiily, there oouid, 
nevertlielessjl^e observed a movem^t from the apex towards 

the base, iuidependent of external influences, when the stipule was 
simply allowed to lie on the field of the microscope without any pres- 
sure or injury wha-tever. This movement continued for at least twenty 
minutes during one of the experiments, and I have ho doubt might have 
been observed longer. It is of importance to distinguish between 
those molecular movements which are caused by injury and pressure, 
and those which depend on processes going on in the interior of the 
living plant. My experiments are by no means complete, but they 
lead at present to the adoption of Schultz’s opinion relative to the 
existence of cydosis. 

263. The elaboratod sap descends partly by the vessels of latex, and 
partly by those of the' liber. It has been said that there is sometimes 
a difference in the sap' contained in these two kinds of vessels. Occasion- 
ally, as in Euphorbia canariensis, the elaborated ^ap has acrid properties, 
while the ascending sap is bland and wholesome. The elaborated sap 
contributes to the formation of the cambium, which is produced be- 
tween the bark and wood of exogens. 

264. It appears, then, that in the case of Exogenous plants, the 
fluid matter in the soil, containing diflerent substances in solution, is 
absorbed by the extremities of the roots, ascends to tlie stem, passes 
through the woody tissue, porous vessels and cells, dissolving and ap- 
propriating various new substances. Proceeding upwards and out- 
wards, this sap reaches the leaves and the bark, where it is exposed to 
the air, and is elaborated by the function of respiration. It then 
returns, or descends chiefly through the bark, either directly or in a 
circuitous manner, communicating with the central parts by the 
meduUary^rays, depositing various secretions, more especially in the 
baric, and giving ori^ to substances which are destined to nourish 
and form new tissues. Finally, it reaches the extremity of the root, 
where absorption had commenced ; a small portion is there excreted, 
while the remainder mixes with the newly-absorbed fluids, and again 
circulates in the sap. 

265. In the case of Endogenous plants, observations are still wanting 
by which to determine the exact course of their fluids. The vascular 
btmdles contain woody vessels, which probably are concerned in the 
ascent of the sap, and vessels equivalent to those of the bark and of the 
latex, which serve for the descent of it. The cellular tissue is also proba- 
bly conceraeS in the movements. Cambium is produced in these plants 
i|3t the neighbourhood of the vascular bundles, and is thus generally 
difliised through the texture of the stem. In acrogenous stems, it is 
likely that the sap follows the same course as in Endogens, although, 
in regard to both, experiments are still wanting. In cellular plants, 
transmission of the sap takes place from one to another ; and, os 
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their texture Is often delicate, the movements are rapid. Many of 
these, as sea-weeds, when plunged into water, after having been diied 
by evaporation, imbibe the fluid with veiy great rapidity. 

266. The Came of the Progrmrion of me tap has been investigated 
hy Maipighi, Hales, Dutrochet, Draper, Briicke, and Liebig. While 
tne capiUaiity of the vessels in the higher plants operates to a certain 
degree, it would appear that the process of endosmose is that by which 
the continued imbibition and movement of fluids is chiefly carried on. 
From the loss of ite watery.contents, by exhalation, and the meta- 
morphoses going on during the process of nutrition and secretion, the 
sap becomes gradually more and more dense, and thus, throughout 
the whole pliit there is a forcible endosmotic transmission of the 
thinner fluids, and a constant change in the contents of the cells and 
vessels. These movements will of course take place with greater 
vigour and rapidity according to the activity of the processes going on 
in the leaves, which thus tend to keep up the circulation. 

267. Draper attributes the movement of the sap to capillary attrac- 
tion, which he considers as an electrical phenomenon. This attraction 
takes place when a fluid moistens a capillary tube, and there can be 
no flow unless a portion of this fluid is removed from the upper ex- 
tremity ; for capillarity wiU not of itself raise a fluid beyond the end 
of the tube. Evaporation and transpiration, which take place in the 
leaves, remove a portion of the vegetable fluids, and thus they promote 
the capillary action of the vessels. When two fluids of different kinds 
come into contact in a tube on different sides of a membrane, (which 
membrane being porous, may be considered as made up of numerous 
short capillary tubes), that wiU pass the fastest which wets it most 
completely, or has the greatest affinity for it. Hence, Draper ex- 
plains the phenomena of endosmose and exosmose by referring them to 
capillary attraction, aided by transpiration. 

268. Liebig adopts a somewhat similar view of the phenomena. He 
states that the accurate experiments of Hales have shown the effects 
of evaporation and transpiration on the movements of sap. Transpira- 
tion tekes place chiefly in clear and dry weather, and consequently is 
regulated by the hygrometric state of the atmosphere. WTien the 
weather is cloudy and the atmosphere moist, transpiration is checked, 
and stagnation of the juices takes place. The greater the transpira- 
tion, the greater the supply of fluid necessary. Hence, plants kept in the 
fry atmosphere of rooms fade from want of a due supply to compensate 
for transpiration ; and hence the importance of pruning plants before 
transplanting them, so as to diminish the evaporating si^ce, and of 
performing the operation in duU and moist weather, so as to allow the 
absorption of fluids to keep pace with the transpiration. This pro- 
cess of transpiration, therefore, by forming a vacuum, assists capillary 
attraction and the atmospheric pressure, and thus the fluids rise, 
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thepTOC^ e&dosmose and ^zosmose depends on tibe diemical affinity 
between the fltdds on ea43!i side of a membiroe, the porosity of the 
xnembrane^'and the attraction existing between it and either of the fluids, 
it follows that the nature of the parietes of the cells and ressels of plants 
must have a marked ef^ on their contents and secretions. 

269. The observations of physiologists and chemists thus lead to the 
conclusion, that the movement of the sap in plants is due partly to &e 
changes effected in the leaves and other green parts, by %ht and air ; 
partly to capiDaiy attraction, the continuous influence of which is kept 
up by the constant loss of fluids ; and partly to endosmose and exos- 
mose. It may be said that there is a m a fer^o, without the presence 
of leaves, as shown by the experiments of Hdes (flg. 224), combined 
with tns a Jnmte^ depending on the suction-power of the leaves. 

270. When cut twigs or flowers are put into water, their functions 
are kept up for some time by endosmose and capillarity. The latter 
power has great influence in such a case, and hence the cleaner the 
cut the better, so that no lacerated or ragged edge may interrupt its 
operatioiEL In these circumstances also sm^ solid particles and colour- 
ing matters win enter the tubes. Boucherie foimd that felled trees, 
the extremities of which were immediately immersed in various solu- 
tions, continued to imbibe them with great force and rapidity for many 
days. A Poplar, 92 feet high, absorbed in six days nearly sixty-six 
gallons of a solution of pyrolignite of iron. 

271. Heat and light have a powerfld influence on the movements of 
the sap, by promotU^ transpiration and the action of the cells. After 
the winter^s repose, first genial sunshine of spring stimulates the sap 
to activity, and after the leaves are expanded, the circulation goes on 
with vigour. The effect of leaf-buds in promoting the movement of 
sap, may be exhibited by introducing a single bran<£ of a vine growing 
in file open air into a hot-house during winter, thus exposing it to heat 
and li^t. In thlr case the leaves are developed, and the fluids are 
set in motion fk)m the roots upwards, so as to supply this single 
branch, ^althoug^ in the other branches &ere is no circulation. 

272. In spiiisg^ the first effect of light and warmth is to stimulate 
the leaf-buds, ^ese enlarge, and the endosmotic process commences 
in their cells. This is communicated to other c^s, and gradually 
extends to the root, which draws up^a continued supply of fluids from 
the soil The nmtter stored up during the wint^ undergoes changes ; 
certain substaxu^ are dissolved, and wus the sap is thickened, so that 
the endosmotic process is pow^ftiUy increased, and the whole plant 
exhibit an active and vigorous drculation. Towards the latter part 
of the season, when the heat and light decrease, the leaves perform 

functions more languidly, and there is a near approach to equili- 
biiuth in the density of the fluids, and ultimately there is a cessation 
If the circulation. 
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273. Liebig thinks that in the case of the yine, in which, according 
to BrUcke, the specific gravity of the sap in spring is veiy little 
more than that of water, the rise of 

the sap does not at this season depend ^ 

on endosmose, but on the disengs^e* | 

ment of gas, which was shown by i 

Hales to be given off in large quanti- ^ I 

ties, when the vessels were cut. The | 

gas is conjectured to be carbonic acid | 

gas, judging from the experiments 45f | 

Geiger and Proust, who showed that 
the sap of the vine contains much of 
this acid. 

274. The height to which the sap 
rises in the case of lofty trees, with 
spreading roots, is very great. The 
force with which it ascend has been 
measured by Halcs,^and is found to 

vary aocormng to the state of the ^ 

weather and the vigour of the plant. 

By fiistening a bent tube, containing W f 

mercury, on the stem of the vine, he ^ I ^ 

found in one of his experiments, that I j 

the sap raised the mercury upwai^ of I 

tliirty inches. The apparatus used 

by Hales, is similar to that used 

by Dutro^et, to measure endosmose, 

as is represented at fig. 224, where a|j||a | 

c is the stem of a vine cut, t is a jRHT I 

bent glass tube fitted to the cut ex- mK 

tremity of the vine by a copper ring, 

Vy carefully luted and secured by a bit 
of bladder, m; n n represents the level ^ 

of the mercuiy in uie two branches 
of the lower curvature, before the 
experiment; and n' W the level at the 

conclusion of it. He calculated^ that y j 

the fcace of the sap in the vine^ in 
some of his experiments, was five times 

greater than that of the blood in the ***“^*^?^*^*^ 
crural artery of the horse. 

Fig. fi21---Experiinent by Bales, to diow tbe force of ascent of the c, Stock of a vine 

f, A glass tube ^th a double enrvatore attached to the upper part of the vine-stock, by naueans 
of aroopper cap, v, vrhlDlL is secured by means of a lute and piece of a bladder, ni. n n Level 
the ccuunin of raeroni^ in the two branches of the tube at the commencement of the experbuent. 
ts n\ Level at the conclusion of the ea^periment 



' MOVltem — ^BOTATION. 

S7S; Besides 

of ’tte sap, special movements have been observed in the cells of 
plants, which have been included under the name of EoUxHon {rota^ a 
wheel), or Oration {gyrvs^ a circuit or circle). These motions have 
been detected in the cells of many aquatic plants, especially species of 
Chara and VaOisneria, and in the hairs of Tradescantia. The currents 
proceed in a more or less spiral direction, and iu*e rendered visible 
by the gi^ules of chlorophylle which they carry along with them. 
There exist also other granules in the fluids, which are coloured 
yellow by iodine, and are probably of a nitrogenous nature. 

276. The species of Chara, in which rotation has been observed, 
are aquatic plants groyidng in stagnant ponds, and are composed of a 
series of cylmdrical cells, placed end to end. Sometimes the plant con- 
sists of a single central c^ ; at other times there are several smaller 
ones surrounding it, which require to be scraped off* in order to see 
the movements. Many of the species are incrusted with calcjireous 
matter, so as become opaque, while others, as Chara flexilis, included 
imder the division Nitella, have no incrustation, and are transparent. 
In these plants the movements take place between the two membranes 
of which the cell-wall is composed. Some granules, of a green coloui*, 
axe attached to the cell- wall, while others are carried with the current, 
which passes along one fide and returns by the other, following an 
elongated spiral direction. The descending current in the branches 
is next to the axis. 

277. In VaUisneria spiralis (which includes V. Michcliana and 
Jacquiniana)^ the cells in all parts of the plant, as in the leaf, root, 
flower-stalk, and calyx, contain numerous green granules, and .'ui 
occasional cytpblast or nucleus, which, under, certain circumstances, 
are carried, witii the juices of the plant, in continual revolution round 
the walls of each celL Although in different cells the currents pro- 
ceed often in different directions, stiU, in any given cell the rotation is 
uniform; for if stopped by cold it resumes tlie same direction. Rota- 
tion will continue in detached portions of the plant for several days, or 
even for tliree or four weeks. The best way of showing these motions 
is to take a small portion of a young leaf and divide it in halves, by 
making a very oblique section on the plane of the leaf, by wliich means 
a transparent end is obtained. This should be done at least an hour 
before it is put under the microsefope. The part is to be viewed in 
water, between two pieces of glass; and a little heat is sometimes use- 
ful in causing the movements to commence. 

278. A similar intra-cellular circulation, is seen in species of Potamo- 
geton, Hydrochar^, and many aquatics, as well as in the moniliform 
purple hairs on the fllaments, and in the calycine hairs of Trade- 

. scantia vir^nica. In the examination of these hairs a higher micro- 
scopic power is required than in the case of the plants previously 



menttoied. ' Hie z^diShljus in the cells of l3iese baits is usually fixed to 
the walls, an^'tbe iiu^^s^eo^ ta^ pkceto and from it, and appear to 
be confined betiJreen a dduble cell-T«^ Fig. 225 shows a calycine 
hair,ji, of Tradescantia Virgihica, ^ 

with a small portion of the epi- 
dermis, e e, on which a stoma, a*, 
is seen. In each of tlie cells, 
both of the epidermis and the 
hair, there is a nucleus, w, and 
rotatory currents, the direction 
of wliich is indicated by that of 
the arrows. In each cell, as 
seen in a, there are several cur- 
rents, which cross each other 
at tlie point where the nucleus is 
situated, thus giving rise to the 
appearance of an irregular net- 
work. The hairs of many other 
flowering plants exhibit rotation 
(fig. 86), and it is probable that 
in all young cells there are cur- 
rents or streams radiating from 
the nucleus. The fluid circidating 
is a mucflaginous protoplasm or 
formative matter, and in Chara 
and Vallisncriait forms a uniform 
investing layer on the inner sur- 
face of the ceU. The motions 
woiild appear to be connected in 
some way with the nutrition of 
cells and the formation of new 
ones; and, while they continue throughout life in aquatics, they often 
cease in plants living in air, after they have attained a certain develop- 
ment. 

279. Some of these movements, especially in hairs, were looked 
upon by Schultz as occiuring in minute vessels, and therefore he 
included them under cyclosis. Schleiden maintains that in the Val- 
lisnma cells it is not the cellular sap that is in motion, but a mucila- 
^nous fluid, with which tbe chlorophyUe granules and the nucleus are 
connected, and which flows in an uninterrupted manner along the cell- 
walls, but on account of its transparency and slight thickness, is not 

Rg. 3M.— jp taken from the csalyit of Tradescantta vligiDfca, with a small portion of the 
epiaennis, e e, on which there is a stoma «. In each of the eindermal cells there Is a nucleus, «, 
and currents (rotation), the direction of wliich are indicated by the arrowa In each cell tliere 
4 cowents moving to and from the nucleus, as is well seen at o. In the elongated cells 




r^Ghaa^ ftbOf he it is isyot the cell-sap ydiich moves, 
fluid, preitet in i|a^ quantity, and occupying the outer 
peats of the cell-oavity. MoU tibioks that a homog^eous ]^rotoplasm 
these cells at first complet^^ but that during growth it becomes 
hbUowed out into one or more cavities, and that around these the 
mucalagiiious matter drculates. In Vallisneria^ there is only one 
cavity, while in other plants there are severid, giving rise to the 
appearance of mucilaginous streams or lines running from the nucleus 
tp the ceIl*waIL These mucilaginous lines, he says, occasionally after 
the circulation has ceased, remidn permanently on the ceU-wall. The 
existence of ^iral fibres in cdls has been traced to currents of this 
kind. 

280. The velocity of the currents in various plants, at G6® to 68® 
Fahrenheit, is thus given by Mobl: — 

IfiataeDtal hairs of Tradescantia Vtiginica, — ^ to ^ of a Parisian line in a 
second; mean, 

Leaves of Vallisneria spiralis — quickest, slowest, mean, of a 

line in a second. 

Stinging hairs of Urtica haccifcra — qnickest, ^7 ; slowest, ; mean, 7!^. 

Odlular tissue of young shoot of Sagittaria sagittifolia, 7I7, to ; mean, 

“ « leaf of do., 7^ to ; mean, 

Hairs of Cucurbita Pepo — quickest, 7^; slowest, 71^; mean, 

The measurements 'were made by noting the passage of the globules 
across the field of a micrometer, fixed in the ocular of the microscope, 
and counting the strokes of a second’s pendulum. These movements 
appear more rapid to the observer; but then it must be recollected 
th^ the parts are seen in a highly magnified state. 

281. The Cmmmm of tUnmOmm has not been satisfactorily explained. 

Some attribute it to electrical or magnetic currents causing attrac- 
tion and repulsion of tlie granular contents of cells. The different 
contents of the Cells, according to them, mutually act and react on 
each other, and thus give rise to movements similar to those which 
take place on the surface of water when oily or resinous matters are 
adde^ and which have been called tp^ltc on the surface). 

Recent observations, by Dutrochet, seem to show that the magnetic force 
exercises no influence over the movements in Ohara. Others believe 
that while heat, and electricity, and physical agents, stimulate these 
movements, they are nert the cause of wem. Some trace the move- 
ments to the presence of the nucleus, and look upon them as connected 
with the period of growth when new cells are being formed, and 
as ceasing after the nudeos has disappeared. 

d.^Ra8FIBATIOX 07 FlAMTS. 

282. Tine chang^ which are produced in the atmo^here by Hying 
plants have been induded under the title of Vtg^abJ^ 



The esj)eriments of Pdestle^, in 1771, showed lhat plants wh^ 
into an atmosphere oontaining a considerable prcpordon of carbide 
aci^ and exposed to light, pixrified the ait by remoYing carbon and 
producing oxygen. Air in which animals had died, was thus rendered 
again fit for breathing. Sdieele made n series of es^pmments with 
nitrogen in place of carbonic acid, and he foundl that plants did not 
purify an atmosphere composed of nitrogen alone. The foul air, then, 
in his experiments, differed completely from that in Ptiekley’s experi- 
ments, and hence the diflferenee of results. Ingenhouz and Senebiei 
performed numerous experunents, which proved that during the day 
plants gave out oxygen gas, while during darkness, this process waf 
suspended. Saussure stated, that during the night, oxygen gas was 
absorbed in different quantities hy plants. Flashy pl^ts absorbed 
least; next came evergreen trees, and then deciduous trees anc 
shrubs. This absorption of oxygen is attended with the formation o; 
carbonic and other adds. It has been said that some leaves^ oi 
account of this process of oxidation, are add in the morning, and 
become tasteless during the day. DecandoUe, Ellis, Daubeny, anc 
numerous other observers, have confirmed the conclusions drawn b} 
the early experimenters. The results of all these observations are 
that plants, more especially their leaves and green parts, have the 
power of decomposing carbonic add under influence of solai 
light, and of evolving oxygen. While in darkness, no such decom- 
position takes place, oxygen is absorbed in moderate quantity, anc 
some carbonic add is given off The former process caused by th( 
deoxidizing power of p]^ts, mudh exceeds the latter in amount. 

283. Burnett endeavoured to shc^W that thexe are two processei 
constantly going on ki plants, one bdng wfaat he calls di^fion, con 
sisting in the fixation of carbon and the evplurion of oxygen, anc 
only carried on during the day; the other bemg what he etuis proper 
re^iraiiony consisting in the evolution of em’hpide add gas, and 
carried on at all periods of a plant’s growth. He thinks that his 
experiments prove the disengagement of carbonic add fix)m the leaves 
of plants, both during night and during day. These opinions are not 
confirmed by other experimenters. What is generally called vege- 
table respiration, may be regarded as equivjdent to digestion, con- 
sistii^, as it does, of the decomposition of oertain matters, and the 
ftKfstion of others by a process oT assimilation; but there is no evidence 
of ihe constant elimination of carbonio add, in ihe same way as occurs 
in animal respiration. It would appear to be more correct to con- 
fer the processes in animals and vegetables as opposed. Kespiration 
in the former being the elLmination of carbon, while in the latter it is 
the ditnination of oxygen. 

284. The changesi produced in the atmosphere, are caused ehidy 
by the si^erfidal green parts of plants. It was long ago supposed 



to be looked upon as 
pd-pipes or trac2i^ ocomgdng air from the stomata or pbres 
m f^'httves. But although they contain aeriform matters, they have 
diown .to J:^ not diffe(^^ with the dianges in the 

il^oephere, and to haVi^ no immediate connection with the stomata/ 
The oxygen evblired by plants, appears to be derived from the carbonic 
add (CO^, the carbon of whmh is appropriated, and from water 
(HO), the hydrogen of which is assimilated. light is necessary for 
mese decompositions, and it is probable that the alkalies taken up by 
the roots aid the process. 

285. If the leaves of a plant are bent under an inverted tumbler of 
water, in a pneumatic trough, and exposed to the sim, bubbles of gas 
ivill soon be given off, wbicli are fo\md to be pure oxygen*, and if the 

water contains carbonic acid, tliere will be a diminution in its quantity. 
The same leaves in darkness will not evolve any oxygen, light being 
essential for the process. The oxygen derived from the carbonic 
add may be all evolved, or part of it may in its nfiscent state enter 
into certain combinations within the plant. The l)rightcr and longer 
continued the light, the more oxygen is given off, and the greater the 
quantity of carbon added to tbe pl^t. If a healthy jdant is covered by 
a bell jar, and exposed to light for twelve hours, oxygen will be formed, 
and if carbonic acid be added to the air, it will gradually diminisli, 
while the oxygen will increase. During the night the action is 
reversed, and if the plant is left twelve hours in darkness, the oxygen 
will decrease, while carbonic acid will increase. 

286. The fixation of carbon probably takes place gradually, giring 
rise at different stages to the formation of various organized com- 
pounds. Thus, two atoms of carbonic acid, by losing one of oxygen, 
become oxalic add; this oxalic add, with the aid of water, may yield 
other adds, from which by the elimination of oxygen, and the addition 
of the elements of* water, various unazotised matters, as stfirch, gum, 
and sugar, may be derived; these changes being promoted by the 
presence of alkies. The fixation of carbon and hydrogen from tlie 
decomposition of carbonic acid and water, gives rise to the formation 
of the various secretions found in the bark and external cells, as 
chlorophylle, resins, oils, caoutchouc, and wax. 

287. Carbonic add, as has been already noticed, is taken up in large 
quantity by the roots of plants from the soil, and it is also probably 
absorb^ mm the atmosphere by the leaves. In the interior of plants 
it is changed in various ways, but it is in the leaves more especially 
that its decomposition takes place. At night it is given off unchanged, 
by what Liebig considers as a mere ^process of exosmose, in conse- 
quence of the dissolved add being no longer assimilated by the action 
of lighL Others say that carbonic add is not produced by exhalation 
only, hut is also derived from the direct union between the oxygen of 



the air and the calt>os^ of the pknt.: may occur in aome plkniis * 

mthout leares, as Fungi, where a direct process of osidatioii takes 
place in the ^ arganic matters which have been assiinilated. The 
quantity of this add given off during night, is by no means equal to 
that which is absorbed by the plant during the day. 

288. The parts of plants which are not green, sedn to absorb oxygen. 
Thus, roots and subterranean organs act in this way, and the presence 
of’ 03 !^gen seems to be necessary for their growth. There are also 
certain periods in the life of a plant when carbonic acid is given off 
in large quantity, even during the day, depending on a chemical 
change taMng place in the starch of the plant, by which it is con- 
verted into sugar. These periods are germination, flowering, and 
frmtiivg. The cWtvges produceA vnA be alkided to -When these 
subjects are considered. When plants are decaying, or are in an 
unhealthy state, they undergo chemical changes, by wJiich carbonic 
acid is formed. This was found by Burnett to have effected the 
results of some of Mr. Ellis’s early experiments. 

289. Ceitain plants have a great power of decomposing carbonic 
acid under the action of light. This is particularly the case with 
aquatics. It is thus that they keep up the purity of the pools arid 
ponds in which they grow. Pistia Stratiotes has this effect in the 
Batavian ponds, and Sir H. Davy notices the great vigour of iiquatic 
plants in the lake Soliatara, where carbonic acid was constantly 
bubbling up on the surface. Tlie oxygenation of the water by aquatics 
has also been obseiTed by Morren of Geneva. 

290. Experiments have been made as to the effect of the different 
rays of the spectrum in aiding the decomposition of carbonic acid, by 
the green parts of plants. Draper states that the light-giving rays, or 
those nearest the yellow, have the greatest effect; w^hilc the heat-giving 
and the tithpnic, or chemical rays, had scarcely any influence. The 
experiments of Hunt also lead to the conclusion, that the yellow rays 
have most effect in the fixation of carbon, and in the production of 
woody matter. 

291. While the breathing of man and animals, and the various 
processes of combustion, are constantly abstracting oxygen fix)m the 
atmosphere, and substituting carbonic acid, plants are decomposing 
this noxious gas, and restoring the oxygem In tropical counfaries, 
where the vegetation is luxuriant and the light intense, the fixation of 
carbon and evolution of oxygen goes on with great vigour, thus fur- 
lushing a supply to those regions where, during certain periods of the 
year, both vegetation" and heat are defident. 

Effects of certain Gmes on living Plants. 

292. It has been already stated that plants can live in an atmos- 
phere contaming a condderable proportion of carbonic add, provided 
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ture erpogftii fa tlia Thtis, an atmosphere which could not 

he btea&ed by man and anitnais is capable of supporting vegetable 
Hfe. ' The expeziments of Priestley, Perdval, and Saussure, show, 
however, that plants will not continue to exercise then* Actions in 
carbonic acid gas, but that in all cases a certain quantity of free 
Oxygen must be present. It has been found that plants do not thrive 
in pure nitrogen, nor in hydrogen gas. These gases seem to have ho 
directly injurious effects, but to act chiefly by depriving the plants of 
carbon and oxygen. < 

293. There are certain gases whidi have very prejudidal effects on 
plants, as proved by the fsxperiments of Timer and Christison.* 
Some of them act as irritant poisons, causing local disorganization ; 
others as narcotic poisons, inducing a drooping and decay of the enlire 
plant. To the former class belong sulphurous acid gas, hydrochloric 
or muriatic acid gas, chlorine and nitrous acid gas; while under the 
latter are classed sulphuretted hydrogen, cyanogen, carbonic, oxide, 
and ammoniacal gas. 

294. M^lumiiii Acki Ga« is highly injurious to plants. It pro- 
duces greyish-ydlow dry-looking spots on the leaves, which gradually 
extend until the leaves are destroyed and fall. Thq effect resembles 
mudi the ordinary decay of the leaves in autumn. The proportion of 
gas, in some experiments, was only 1 in 9,000 or 10,000 parts of air, 
and the quantity J of a cubic inch; and yet the whole unfolded leaves 
of a mignionette plant were destroyed in forty-eight hours. This pro- 
portion of the gas is hardly or not at all discoverable by the smell. 

295. OEwrtasic Acki CtaM produced effects similar and scarcely inferior 
to those df the last-mentioned gas. When } of an inch was diluted 
with 10,000 parts of air, it acted destructively on Laburnum, and 
Larch, destroying the whole vegetation in less than two days. Even 
when in quantity not perceptible by the smdl, it still acts as an irritant 
poisotn. 

296. nrytegan acted in a different way from the acid 
gases. The latter attacked the leaves at the tips first, and gradually 
extended their operation to the leaf-stalks. When in considerable 
proportion, their effects began in a few minutes; and, if diluted, the 
parts not attacked generally survived if the plants were removed into 
the air. But in the case of sulphuretted hydrogen, the leaves, with- 
out being injured in texture or colour, became flaccid and drooping, 
and the pl^t did not recover when removed into the air. . It 
required a larger quantity of this gas to produce the effects stated. 
When six inches were added to sixty times their volume of air, tiie 
drooping began in toi hours. This gas then acts like a narcotic 
poison, by destroying vegetable life tmoughout the whole plant at 
once. 


* See Bdinbttxi^ Medical and Surgical Joamitl, toL zxviU. p. 850. 
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297. These observations point out the great injixry whidi is caujsed 
to plants by the gas^ given off during me combustion of coal, and 
more ei^ecially by certain chemical works. In the vicinity of the 
latter, the vegetation, for a considerable distance around, is often 
destroyed, M&ulaxly in the direction of the prevailing winds of the 
locality, ^e atmosphere of large manu&cturing towns, in which 
iuliginous matter and sulphurous gases abound, is peculiarly hurtful 
to vegetable life. In order to protect plants from such prejudicial 
influences, Mr. N. B. Ward has invented close glass Cases, in which 
plants can be made to grow independently of the noxious atmosphere 
around.* These Cases consist of a trough containing soil, and a frame 
of glass, which is accurately fltted upon it. The soil is well supplied 
with water at first, and after the plants are put in they are kept exposed 
to the light. In these circumstances, they will continue to thrive for 
a long time, even for years, without any fresh supply of moisture or 
any direct exposure to the air. They are peculiarly fitted for rooms 
where the dj^ess of the atmosphere intciferes with the vigour of 
plants, by causing greater exhalation than can be compensated by 
the absorption of moisture by the roots. Some tribes of plants, as 
Ferns, requiring a humid atmosphere, thrive well in such Cases. The 
windows of houses may be converted by this means into conservatories, 
lliose who wish to see the effects thus produced, ought to visit Mr. 
Ward’s house, in Wellclose square, London. Nothing can exceed 
the beauty and luxuriance of his Ferns. 

298. But it is not merely as matters of luxury and curiosity that 
these Cases deserve notice, lliey serve as a most important means of 
transporting plants, in a living state, to and from foreign dimates; and 
they are in constant use for that purj>ose. Plants have thus been brought 
to this country which could not have retained their vitality in the form 
of seed, and which would have been destroyed by exposure to the 
s^-brecze and to the vicissitudes of dimate experienced during their 
transport. The stillness of the atmosphere in the Case contributes 
materially to prevent injurious consequences. In Jime 1833, Mr. 
Ward filled two Gases with Ferns, Grasses, &c., and sent them to 
Sydney, where they arrived in January 1834, The plants were 
t^en out in good condition, and the Cases Ivere refilled at Sydney, 
in February 1834, the thermometer then being between '90® and 
10^® Fahrenheit. In their passage to England they encountered 
yeiy varying temperatures. The tiiermometer f^ to 20® on round- 
ipg ^pe Horn, and the 4ecks were covered a foot with snow. In 
<jros8mg the line, the thermometer rose to 120®, and feU to 40® on 
thdr arrival in the British channel m the b^ioning of November, 
eight months after they had been endosed. The plants were not once 


See Wara on ibe growth of i^ts in closes Cases. 
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watered duzing the voyage, aad received no protection by day or by 
night, but were taken out at Loddiges in a most healthy and vigorous 
condition. 

299. It is a mistake to suppose that thoair in the Cases is not changed. 
Hiqr are not hermeticaly s^ed; and by the law of diffusion of gases 
there is a constant although gradual mixture of the external air, free 
however from many impurities, with that inside. Plants will con- 
tinue to grow for a long' time, even in Cases hermetically sealed, if 
supplied at first with abundance of good soil and water. By the united 
action of the plant and light, the air undergoes constant changes, and 
thus continues fit for vegetable life. 

4. — ^Pbodcgts and Sjsgbetions of Plants. 

300. The sap, in its progress through the cells and vessels, and espe- 
cially in its passage through the leaves, is converted into orgfinizable 
products, from which the vegetable tissues and the secretions contained 
in them are elaborated. Light, by enabling plants to fix carbon^ has 
aaimportarit influence over these secretions. 'Wberi plants are kept 
in darkness they become etiolated or blanched, and do not form their 
proper secretions. Gardeners resort, to the practice of blanching when 
they wish to dimmish or destroy certain secretions, and to render 
plants fit for food. In speaking of the contents of cells and vessels, 
allusion lias already been made to some of the more important 
organizable products. It is proposed in this place to take a general 
view of those vegetable secretions wliich are connected with the 
nutrition of plants, or which are important on account of their medical 
or commercial uses. Some of these occur in small quantity, aiul 
are limited to certain plants only; others are abundant, and more 
universal in their distribution. Thus, while quinine and morphine, the 
active ingredients of Peruvian bark and opium, are circumficribed, 
both as regards quantity and distribution, starch, gum, sugar, woody 
matter, and certain nitrogenous compounds are more abundant, and 
more generally dififtised over the vegetable kingdom. The latter 
substances therefore demand especial attention. If a plant is macer- 
ated in water, and all its soluble parts removed, lignine or woody 
fibre is left, and the water in which it has been macerated, gradually 
deposits starch. If the liquid is boil^.d, a scum coagulates, formed of 
albumen and some azotised matters, while gum and sugar remain in 
solution. 

301. nmeeh is a general product, being laid up as a store of nourish- 

ment, and undergoing changes at c&ctaan periods of a plant's life, which 
fit it fi)r fiirther uses in the economy of vegetation. It is not found in 
animal cdls. It consists of O'®, and occurs in the form of 

grains of various sizes and forms, having an external membrane, en- 
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closing a soluble substance. By boiling in water, the peUicle bursts, 
and the contents are dissolved, becoming gelatmous on cooling. The 
circular markings and strise seen on the grains, and the part c^edthe 
hilum, have already been noticed 17). Some plants, such as 
potato, arrow-root, and wheat, contain a large quantity of starch, 
which vmes, however, in quantity according to the period of growth. 
Thus, while starch aboimds towards the latter part of the season in the 
potato, it decreases when the tubers begin to germinate in spring. 
It was found that 240 lbs. of potatoes, left in the ground, contained 
of stfirch: — 

In August, 23 to 25 lbs., or 9*6 to 10*4 per cent. 

« September, 32 “38 « “13*3 “ 16 “ 

“ October 32 ‘‘40 « “ 13*3 « 16-6 « 

“ November. 38 “45 “ “ 16 “ 18*7 “ 

“ April, 38 “28 “ “ 16 “11*6 “ 

“ May 28 “20 “ “ 11*6 “ 8*3 “ 

The quantity of starch remained the same during the dormant state 
in winter, but decreased wlienever the plant began to grow, and to 
require a supply of noiirisliment. 

302. Starch is stored up in many seeds. It exists in roots, especially 
in those wliich are fleshy; in stems; in the receptacles of flowers; and 
in pulpy tmits. The seed-lobes of the Bean and Pea, and many other 
leguminous plants; the roots and the under-ground stem of Maranta 
arundinacca or Arrow-root, and of Canna coccinea or Tous-les-mois, 
Canna Acliiras and C. edulis; the stem of the Sago Pahn (Sagus 
liuinphii and farinifera), and of the Cycas tribe; the receptacle of the 
artichoke, and the pulp of the apple, are familiar instances of parts 
in which starch abounds. Tlie grains of potato-starch are pearly 
<>r sparkling in their appearance, of large size, having one or more 
Jiila, and often cracks on the surface. Those of arrow-root are dull, 
white, and small, while those of Tous-les-mois, present a glistening 
appearance like potato-starch, and are larger. In some cases, starch 
is associated with poisonous or acrid juices, os in Jatropha Mauihot, 
whicli yields Cassava and Tapioca, and in Arum maculatum, the under- 
giound stem of whidh furnishes Portland sago. Inuline is a substance 
analogous to starch, found in the roots and tubers of Inula Helenium 
(Elecampane), Dahlia variabilis, and Helianthus tuberosus (Jerusalem 
c^rtichoke); while lichenin is a variety of starch occurring in Cetraria 
isiandica (Iceland moss). Lichenin or lichen starch consists of 
0“, and is deposited in the primary cell-wall of the plant, in the form 
of an incrusting layer. By the action of malt or of sulphuric acid 
upon starch, or by long boiling in water, a gummy matter is pro- 
duced called dextrin^* or soluble starch composed of 0^®. Some 

tlie property <rf e£bctliig the right-banded rotation of the 
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ccmid^ this to be tpbe substance contained bi the mterior of the 
staxdh grains. When dried, it constitutes British gum. It is me 
of the steps in the process d the conversion of starch into sugar, 
t; ^3. On is one of the substances which are produced abundantly 
m Ihe vegetable kingdom. Its composition is C“ EP* the same 
.as that of Cane-sugar. It esists in many seeds, eioides fh>m the 
stems and twigs of many trees, and is contamed in the juices of others 
from which it does not exude. It is one of the forms through which 
organic matter passes during the growth of plants. The different 
kinds of gums have been divided into those wluch are soluble in cold 
water (Aiabine, mucilage), and those which only swell up into a gela- 
tinous matter (Bassorine or Tragacanth, Cerasine and Pectine). Ara- 
bine is familiarly known by the name of gum-arabic or gum-senegaJ, 
and is the produce of various s;pecies of Acacia, chiefly natives of Arabia, 
Egypt, Nubsa, and Senegambia, such as Acacia Ehrenbergii, tortilis, 
arabiea, vera, and albidk From the bark of these plants it 
exudes m the form of a thick juice, which aflerwards concretes into 
tears. Old stunted trees, in hot and dry seasons, yield the most gum. 
Alpine exists with cerasine in the gum of the Cherry and Plum. 
MticUage is present in many of the Mallow tribe, as Malva sylvestris, 
Althsea officinalis or marsh mallow, and in Linseed. In SphaBrococcus 
crispus, mucilage is present, of which the formula is C** 

Bassorine forms the chief part of gum-tragacanth, the produce of several 
species of Astragalus, and of gum-bassora. It exists in Salep, procured 
the tubercules of OrchSs mascula. Cerasme is that part of the 
gum of the Cherry (Oerom), Plum, and Almond trees, which is 
insoluble in cold water. Pectine is a substance procured from pulpy 
fruits, as the apple and pear. It forms a jelly with water, and when 
dried, resembles gum or isinglass. It is changed by alkalies into 
pectic add, which is found in many fruits and esculent roots. 

304. Siigur. — ^This substance which forms an important article of 
diet, exists in many species of plants. Sugars have been divided into 
those which undergo vinous fermentation, as Cane and Grape su^, 
and those which are not fermentesdble as Mannite. Cane sugary C” IP 
O* 2 HO, is procured from Saccharum officinarum (sugar-cane). 
Beta vulgaris (b^t-root), Acer saccharinum (sugar-maple), and many 
other pl^ts. It has been conject^ed that the Calamus or sweet 
cane mentioned in the Old Testament, may be the sugar cane. At 
all events, the plant was known as early as the commencement of the 
Christian era. In the East and West Indies, at the present time, 
numerous varieties of cane are cultivated, such as Country cane. Ribbon 
cane, Bourbon cane, Violet or Batavian cane, which are distinguiriied 
by tibeir size, form, the ppsition and colour of thdr joints, thdr 
foHage, and their glumes. Bourbon cane is richest in saccharine 
matt^. Canes demand a fertile soil, and for their perfect maturation 
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tlie^ require from twelve to fourteen months. Thoser^ which aate 
grown from planted slips^ are plant-cams^ those which sprout up froin 
the old stems, are rattoons. After being cut, the canes are crudied 
(the pressed canes being called hegass)^ the saccharine juice is ex- 
tracted, evaporated, and crystallized, as Kaw or Muscovado sugar^ 
which is afterwards reftned in vacuo, so as to form loaf sugar. 

805. In 1844, the gross amount of sugar entered for consumption 
in the United Engdom was 4,189,994 cwt. The quantity of sugar 
produced from the sugar cane in difterent parts of the worl^ in 1889, 
has been thus estimated : — 


British Sug:ar Colonies,.... 

British India, 

Danish West Indies, 

Dntch West Indies, 

French Sugar Colonies,.... 
United States of America, 

Brazil, 

Java, 


.3,571,378 cwt. 
. 519,126 — 

. 450,000 — 

. 260,000 — 
.2,160,000 _ 

, 900,000 
.2.400,000 — 
.4,481,342 — 


806. Mapk Sugar is much used in America. It is procured from 
tlie sugar maple by maldng perforations in the stem, and allowing the 
sweet sap to flow out. Two or three holes, at the height of eighteen, 
or twenty inches from the ground, are said to be sufEdent for an 
ordinary tree. The season of collecting is from the beginning of Feb- 
ruary to the middle of April. Beet sugar is the produce of the root 
of Beta vulgaris, and is extensively manufactured in many parts of the 
continent. In the year 1841, there were 142,518 acres in France 
planted with beet-root for sugar, and the quantity of sugar produced 
was 81,621,928 kilogrammes, (one killogTamme being equal to about 
2i lbs.). M(mm sugary or Mannitey differs from the others in not being 
fermentescible. Its composition is, C® ff 0®, It is the chief ingre- 
dient of Manna, which exudes from the Omus europaea and rotxmdi- 
folia. From Sicily and Calabria it is exported under the name df 
flake-manna. Mannite is found in the juices of Mushroom, in Celery, 
and in Laminaria saccharina, and Eucalyptus mannifera. Dr. Sten- 
house has determined the quantity of Mannite in some sea-weeds as 
follows : — 


Laminaria saccharina, 12 to 15 per cent of Miumite. 

Halydris siliquosa, 5 to 6 per cent. — 

Laminaria digitata, A 4 to 5 per cent. — 

Fucus serratus, rather less — 

Alaria esculenta, about the same — 

Bhodomeuia palmata, 2 to 3 per cent. — 

Fucus vesicnlosns, I to 2 per cent. — 

Fucus nodosns, nearly same. — 

Knop and Schnedennan have detected Mannite in Agaricus piperatu^i 
and other chemists have found it in Cantharellus esculentus, 
Clavaxia ooraUoides, 
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307. Qrape sugary called alao Starch sugar, or Glucose, is composed 
of C'* IP* O^*; It occurs in the juices of many plants, and is a pro- 
duct of 'the metamorphoses of starch, cane sugar, and woody fibre. It 
may be extracted from dried grapes, and may be prepared from starch 
by the action of an infusion of malt, or of a substance called Diastase 

310). It is less soluble and less sweet than cane-sugar.J It gives 
sweetness to gooseberries, currants, apples, pears, plums, apricots, and 
most other fruits. It is also the sweet substance of the chestnut, of 
the brewer’s wort, and of all fermented liquors. 

308. lavnine is the substance which gives hardness and solidity to 

the cells and vessels of plants. It exists abundantly in woody fibre, 
which may be said to be composed of cellulose forming the parietes^ 
and lignine forming the incrusting matter in the interior or the Sclero- 
gen of Payen. The latter dissolves in strong nitric acid, forming oxalic 
acid, while tlie former is left undissolved. Lignine is said to bo com- 
posed of C®* O®*. According to Mulder, the fonnula for the lig- 

neous matter of ordinary wood is IP® O®®. \VTieii a portion of the 
stem of a herbaceous plant, or of newly cut wood, is reduced to small 
pieces and boiled in successive portions of water, alcohol, ether, diluted 
acids and alkalies, untd eveiy thing soluble in these menstrua is 
removed, a white fibrous mass remains, to which the name of woody 
fibre is given. It varies slightly in its composition in different trees, 
thus: — 



Oak. 

BeedL 

niie. 

Willow 

Carbon, 


... 51*45 ... 

... .50* 

... 49*8 

Hydrogen,.., < 


... 5*82 ... 

... 5*55 ... 

... 5*.58 

Oxygen, 

....41*78 ... 

... 42*73 ... 

... 44*45 ... 

... 44*62 


Iron wood contains 53*44 per cent, of carbon. 


This woody fibre ex^ts in linen and paper; and these substances, when 
subjected to the action of sulphuric acid, are converted into grape 
sugar. Lignine gives support to the vegetable texture, and is often 
deposited in concentric layers. It occurs in large quantity in the 
wood of trees, and is also present in the stem of herbaceous plants. 
In some cellular plants it is absent, and the object of many horticul- 
tural operations, as blanching, is to prevent its formation. Beet-root 
and white turnips contain only 3 per cent. 

309. AH these organic substances, consisting of carbon united with 
the elements of water, are easily convertible into each other by the 
action of sulphuric add and heat. Similar changes are induced during 
the growth and development of plants, as wiU. be noticed tinder the 
head of flowering, fruiting, and germination. In many unazotised 
matters the proportion of the elements is the same, or they are 
isgnmic. ISius, cellulose and starch have the same composition, and 
the d^erenoe m their qualities seems to depend on the mode in which 
the elements are united Their form is altered by a change in the 
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molecular arrang^ent. The unazotised prodticts which hare hem 
noticed, supply carbon for the respiration of man and animals, and 
probably assist in the formation of iat. It is impossible to notice all 
the compounds of carbon, oxygen, and hydrogen, found in plants. 
Some^of these exist in small quantity in pa^cular plants. For 
example, Salicine, a bitter neutral ciystallme^ substance, is procured 
from the bark of Salix alba, Helix, purpurea, viminalis, pentandia, 
and Phloridzine, an analogous substwce, occurs in the bark of 
the roots of the apple, pear, and plum. 

310. AMtiMd pMdiMcts. — ^There are certain azotised products which 
exist in greater or less quantity in plants, and which are particularly 
abundant in grains and seeds. The nutritive matter of wheat consists 
of starch or unazotised matter, separable by washing, and of azotised 
matter or gluten. Oluten is composed of certain proteine compounds 
(Fibrine, Caseine, Albumen, Emulsine), containing carbon, oxygen, 
hydrogen, and nitrogen, with some phosphorus and sulphur. 

jibrim is the essential part of the gluten of wheat, and of the cereal 
grains. It may be procured by treating with ether the glutinous mass lefr 
after kneading wheat flour in linen bags under water. Vegebo^le caserne 
or Ugumim is an essential part of the seeds of Leguminous plants, and 
also of oily seeds. It may be procured in solution from kidney beans 
and peas, by bruising them in a mortar with cold water, and straining. 

Vegetable cUbunien occurs in a soluble form associated with caseine. It 
forms a small proportion of cereal grains. Wheat is said to contain 
J to IJ per cent.; Rye, 2 to 3f per cent; Barley, to J per cent.; 
stnd Oats, i to J per cent. It is distinguished by its coagtdation at 
a temperature of 140® to 160®, and by not being precipitated by 
iicetic acid. These three compounds dissolve in a solution of caustic 
potash ; and if to the solution acetic acid is added, the same precipitate 
is obtained whichever of the three is employed. This precipitate is 
called Proteine {'r^rtva, 1 have the first pl^). Its formula is 
EP® N® Fibrine is proteine -J- S. ^ PL Albumen is proteine + 
S* 4- Ph. Caseine is proteine + S, EmtUsinej or synaptase, is a nitro- 
genous compound found in certain oily seeds, as in almonds. It 
exists in the milky emulsion whidi these seeds form in water, and it is 
coagulated by acetic acid, and by heat. In bitter almonds, it is 
associated with a substance called amygdaUm^ on which it acts in a 
j.>eculiar maimer, producing hydrdhyonic acid. Diastase is an azotised 
substance procur^ from malt, and developed during the germination 
of plants. It is probably fibrine in an altered state, and it has the power 
of promoting the conversion of starch, into sugar. . " * * 

311. The azotised products of plants have a rimilar composition 
with blood and muscular fibre, and hence their value in the food of 
man and animals. The following table gives a general view of the 

L 
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quaatity of azotised and unazotised matters occurring in certain plants, 
vrith the amount of water and inorganic matter : — 



Water. 

Azotised 

matter. 

CarbonaceouB 

matter. 

Ashes. 


16 ... 

.... 29 .. 

52 

... 3 

It Anna. 

14 ... 

... 31 ... 

52 

... 3 


16 ... 

.... 33 ... 

48 

. . 3 

r- .‘f- 

Oatfl 

18 ... 


68 

... 8 

Barley ^ 

16 ... 

14 

69 

. . 2 

Potatoes 

72 ... 

.... 2 ... 

25 

... 1 

Turnips 




... 1 


312. The following arrangement is given by Frombei*g of the com- 
parative value of various pl^ts as articles of food, taking into account 
the proteine compounds, and the starch, gum, and saccharine matter 
which they contain, the highest value being 100 : — 


Beans.. 


Bye 


Peas 


Barley 


Oats...l 

75 

Potatoes 

45 

Wheat 


Rice 


Maiase 





313. As regards the produce of different crops per acre, Johnston 
pves the following estimate of the nutritive products wliich they 
yield : — 

Average protl ucc per No. of lbs. of tme 

acre (if tubers and nutriment in pro- 

grain. duce of an acre. 

Beet, Maagel-warzel, and TamipdO tons 672 lbs. 

Beans 30 bushels, or 1980 lbs. 594 — 

Potatoes 8 tons 358 — • 

Peas 20 bushels, or 1 1 60 lbs. 348 — 

Barley 36 bushels, or 1872 lbs. 243 — 

Jerusalem Artichokes, 10 tons 224 — 

Wheat 25 bushels, or 1500 lbs. 180 — 

Oats. 30 bushels, or 1200 lbs. 132 — 

314. Vised Oils are found in the cells and intercellular spaces of 
the fruit, leaves, and other parts. Some of these are drying oils, as 
linseed oil, from Linum usitatissimum; others are fat oils, as that ffom 
Olives (fhiit of Olea europasa) ; while others are solid, as Palm oil. 
The solid oils or fats procured from plants, are Butter of Cacao, from 
Theobroma Cacao ; of Cinnamon, from Cinnamomum zeylanicum ; of 
Nutmeg, from Myristica moschata ; of Coco-nut, from Cocos nucifera ; 
of Laurel, from Lauras nobilis ; Palm off, from Elais guineensis ; Shea 
butter, from Bassia Parkii; Galam butter, from Bassia butyracea; 

,,and Vegetable tallow, from Sdllingia sebifera in China, from Vateria 
in^|i|ca in India, and from Pentadesma butyracea in Sierra Leone. 
Tkese oils contain a large amount of stearine, and are used as substi- 
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tutes for fat Castor Oil, from the seeds of Biciims communis, differs 
from other fixed oils in its composition. 

315. Decandolle gives the following table to show the quantity of 
oils got fix)m seeds: — 


Haael-nut 60 per cent, in weight. 

Garden Cress ...67 

Olive 60 

Walnut 50 

Poppy 48 

Almond 46 

Euphorbia Lath- 

yris 41 

Colza 39 


{ White Mustard ..36 per cent, in weight. 

Tobacco 34 

Plum 33 

Woad 30 

Hemp 25 

Flax 22 

Sunflower 15 

Buckwheat 14 

Grapes 12 


316. Tonetable Wax is a peculiar fatty matter sometimes found in 
the stem and fruit of plants. It is procured from several species of 
Palms, as Ceroxylon andicola, and Corjrpha cerifera, and fix>m the 
fruit of Myrica cerifera or candle-berry myrtle, and Myrica cordifolia. 
Waxy matter also occurs on the exterior of fruits, giving rise to the 
hhom of grapes, plums, &c., on the outer surface of the bracts of Musa 
paradisiaca, and on the leaves of many species of Encephalartos. In 
Cork there exists* a fatty body which, when acted upon by nitric acid, 
yields suberic acid, Chlorophylle, or the green colotiring matter of 
leaves, is allied to wax in its nature, being soluble in ether and alcohol, 
but insoluble in water. 

817. Volatile or fiseentiai oue occur in the stem, leaves, flowers, 
and fruit of many odoriferous plants, and are procured by distillation 
along with water. They arc called essences^ and contain the concen- 
trated odour of the plant. They usually exist ready-formed, but 
occasionally they iU'c formed by a kind of fermentation, as oil of bitter 
almonds, and oil of mustard. Some of them consist of carbon and 
hydrogen only, as oil of turpentine, procured from various species of 
Pinus and Abies; oil of juniper, from Juniperus communis; oil of 
Savin, from Juniperus Sabina; oil of lemons and oranges, from the 
rind of the fruit; and oil of neroli, from orange flowers. A second 
series contain oxygen in addition, as oil of cinnamon, from Chmamo- 
rnum zeylanicum; otto or attar of roses, from various species of 
Rose, especially Rosa centifolia; oil of peppermint, fix)m Mentlia 
viridis; oil of caraway, from Carum carui; oil of cloves, from Caryo- 
phyllus aromaticus. Oils of this Idhd are procured firom many Labiataj, 
as species of Lavandula, Origanum, Rosmarinus, Thymus; and from 
the fruit of UmbeUiferse, as specicb of Anethum, Fccniculum, Corian- 
drum, Cuminum, Petroselinum, Pimpinella; an<^om some CompositaB, 
as species of Anthemis, Pyretlirum, and Artemisia. A third series have 
also sulphur in their composition, and have a peculiar pungent, often 
alliaceous smeU, with an acrid burning taste, as oil of garlic, and of 
onion, procured from the bulbs of Allium sativum and Cepa; oil of 
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ai^osfida, from Narlihex Assafistida; and oil of Mxistard, which is 
Iphtained from the seeds of Sinapis nigra, by a kind of fermentation 
induced by the action of a nitrogenous body, myrosine, on a substance 
called myronic acid, or myronate of potash, when macerated in water. 
A similar oil exists in many Cruciferte, as in Erysimiim Alliaria, 
Anuoracia rusticana, and Cocnlearia officinalis, and in several Umbel- 
lifersB, 3 delding gum-resin, as Opoponax, Ferula, Galbanum, &c. Many 
of the essentM oils deposit a solid crystalline matter, called Stearop- 
tene, allied to camphyr. This latter substance, which consists of carbon, 
oxygen, and hydrogen, is procured from Camphora officinarum, a 
native of Japan and India. There is also another kind of camphor, 
produced in Borneo, by Diyobalanops Camphora. 

S18. «i«aiMoas ^vodMcto. — ^The nffiky and coloured juices of plants 
contain frequently resins mixed with volatile oils, in the form of 
balsams, besides a quantity of caoutchouc. The resinous substances 
found in plants, are either fluid or solid. The former may be illus- 
trated by Balsam of Tolu, procured from Myrospermum toluiferum; 
Balsam of Peru, from Myrospermum peruiferum; Balsam of Copaiva, 
from various species of Copaifera, especially Copaifera officinalis; 
Carpathian Balsam, from Pinus Pinea; Strasburg turpentine, fix)m 
Abies pectinata, or silver fir; Bourdeaux turpentine, from Pinus pin- 
aster; Canada Balsam, from Abies balsamea, or Balm of Gilead fir; 
Chian turpentine, from Pistada Terebinthus, Ac. The latter may be 
illustrated by common resin or Colophony, and Burgundy pitch, from 
Pinus sylvestris ; Mastich, from Pistacia Lentiscus; Sanda^h, from 
Callitris quadrivalvis; Elemi, from several species of Amyris ; Guaiac, 
frx>m Guaiacum officinale ; Dragon’s-blood, from Dracama Draco, and 
Calamus Draco; Dammar, frium Dammara australis and orientalis; 
Labdanum, from Cistus creticus, and others ; Tacamidiaca, from Calo- 
phyllum Cadaba, and from Elaphrium tomentosum ; Resin of Jalap, 
from Exogonium Purga; Storax, from Styrax officinale; Benzoin, 
from Styrax Benzoin; Copal, from Vateria indica, &c. ; Lac, from 
various species of Ficus, as Ficus indica, and benghalensis, after attacks 
of Cocci, and from Aleurites laccifera, and Erythrina monosperma ; Eu- 
phorbium, from Euphorbia officinarum, antiquorum, and canaiiensis. 

319. is in some respects analogous to essential oils. It 

is foimd associated with them and resinous matters, in the milky juice 
of plants. It is procured from vSrious species of Ficus, as ficus 
elastica, Radula, elhptica, and prinoides, from Urceola elastica, Siphonia 
elastica, and Vahea gummifera, by wounding the plants. A ^d of 
caoutchouc, called gutta perchji^ imported from Singapore and Borneo, 
is procured from Isonandra Gtttta, one of the Sapotacese. The milky 
juice of many plants, as of EuphorbiacesB, Asclepiadacese, Apocynacese, 
Artocarpacees, and Papayacess, contain caout^ouc or gum elaatic. 
Borne of these coloured juices are bland, as that produced hy the Cow- 
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tree (Galaetodeadron utile)^ othm are iiaxcotic^ as those of Poppy 
and Chelidonimn ; others are pnrgatiye, as Gamboge; othera diuretic, 
as Taraxacum. 

S20. Organic Acids are produced by processes going on in living 
phmts, and exist in vegetable juices combined of^ with peculiar 
bases and alkaloids. Thus, Citric ^d occurs in the fruit of the orange, 
lemon, lime, red currant, &c . ; Tartaric acid, in the juice of the grape, 
and in combination with potash in tamarinds ; lifelic^acid, in the fimt 
of the apple, gooseberry, mountain ash ; Tannic acid or Tannine, in 
oak bark and nut-galls ; Gallic acid, in the seeds of Mango ; Meconic 
add, in the juice of Papaver somniferum ; Kinic add, in the bark of 
various spedes of Cinchona. Besides these, there are numerous others, 
which are characteristic of certain species or genera. To these may 
be added Hydrocyanic acid, as found m Prunus Laurocerasus, &c., 
and Qi^c acid, which exists in combination with potash in Bumex 
acetosa, and Acetosella, Oxyria reniformis, Oxalis Acetosella, in the 
fluid in the pitcher of Nepenthes distillatoria; and in combination with 
lime in Rhubarb, and many spedes of Parmelia and Variolaria. 

321. Albaloidfl ar Organic basac are azotised compounds found in 
living plants, and generally contcdning thdr active principles. They 
occur usually in combination with organic acids. Quinine and Cincho- 
nine exist in the bark of Cinchona, the former predominating in yellow 
bark, the latter in pale bark; Moiphine, Naxcotine, Codeine, Thebaine, 
and Narceme, occur in the juice of Papaver somniferum; Solanine is 
an alkaloid found in many species of Solanum, as Solanum tuberosum, 
nigrum, and Dulcamara ; Veratrine exists in Yeratrum Sabadilla and 
album; Aconitine in Aconitum Napellus; Strychnine in Strychnos 
Nux-vomica, Sancti Ignatii, Colubrina and Tieut6 ; Brucine also in 
Nux-vomica, or False Angustura bark ; Atropine in Atropa Bella- 
donna; Bebeerine in Nectandra Rodid; Piperine in Piper longum 
and nigrum; Emetine in CephSielis Ipecacuanha; Caffeine (Theine 
and Guaranine) in Coffea arabica, Thea Bohea and viridis, PauUinia 
sorbilis, and Ilex paraguayensis ; Theobromine in the seeds of Theo- 
broma Cacao or chocolate ; besides numerous others of less import- 
ance. These Alkaloids are often found in plants having poisonous 
properties. 

322. Coloring matten are frimished by many plants, dther directly 
or by a process of fermentation. ^Yellow colouring matters are pro- 
cured fix)m the roots of Curcuma longa or Turmeric, from the pulp 
surrounding the seeds of Bixa orellana (amotto), from the stem of the 
Gamboge plant (Hebradendron Cambogioides), and various species of 
Garcmia, as Gardnia Cambogia and ehiptica, from the flowers of Cartha- 
mus tmctorius (saA>wer), from the stigmata of Crocus sativus (saffion), 
from a kind of Mulberry (Morus tinctoria), from Reseda Luteola (weld), 
and from some lichens, as Parmelia parietina (parietin or (mxyso^ 
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phanic acid). Red colouring matters are procured from the root of 
An nhiififl. tinotoria (alkanet), from Pterocarpus sautalinus, Dracaena 
Draco (Dragon’s-blood), the root of Rubia tinctorum or madder (aliza- 
rine), the root of Morinda citrifolia (Sooranjee), Haematoxylon campe- 
ohiamim (logwood), CaBsalpinia braziHana (Brazil wood), from Cam- 
wood, also from Carthamus tinctorius (Carthamine), and from some 
Lichens, as Roccella tinctoria (Archil and Litmus). Blue colouring 
matters are ftimished by the flowers and fruits of many plants, and 
from the leaves of some, by chemical action. Indigo^ a most valuable 
dye, is procured by fermentation from various species of Indigofera, as 
Indigofera tinctoria, Anil, coerulea and argentea, as well as from 
Wrightia tinctoiia, Marsdenia tinctoria, Nerium tinctorium, and Gym- 
nema tingens, &c. The plants in fliU flower arc cut and put into vats 
with water, fermentation takes place, and a peculiar substance is formed, 
which, by absorption of oxygen, becomes blue. The best and the 
largest quantity of Indigo is produced in the Delta of the Ganges. 
Several Lichens yield nitrogenous colouring matters, which give blue 
and puiple colours with alkalies, &c. Lecanora tartarea yields Cud- 
bear. 


SECTION IIL— OR-GANS OF REPRODUCTION. 

Structube, Arrangement, and Functions. 

323. The reproductive organs consist of the flower and its appen- 
dages, the essenUal parts being the stamens and pistil. When the 
flower, or at least the essential organs, are conspicuous, the plants are 
called Phanerogamous conspicuous, and union or mar- 

riage), or Flowering plants ; when they arc inconspicuous, the plants 
are Crgptogamous {x^u^rog, concealed, and y»/xog, union or marriage), 
or Flowerless plants. The former include Exogens and Endogens, the 
latter Acrogens and Cellular plants. On careful examination, it will be 
found that the organs of reproduction and nutrition are modifleations 
of each other. The parts of the flower, as regards their development, 
structure, and arrangement, may all be referred to the leaf as a type. 
They commence like leaves in cellular projections, in which fibro-vas- 
cular tissue is ultimately formed; they are arranged in a more or less 
spiral manner, and they are often partially or entirely converted into 
leaves. . 


^ 1. — ^INFLORESCENCE, OB THE ARRANGEMENT OF THE FLOWERS ON THE AXIS. 

824. The arrangement of the flowers on the axis, or the ramification 
ihe floral axis, is called Inflorescence or Anthotaxis flower, 

and order). Flower-buds, like leaf-buds, are produced in the asdl 
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of leaves, which are called floral leaves or bracts* A flower-bud has 
not in ordinary circumstances, any power of extension by the develop- 
ment of its central cellular portion. 

In this respect it differs from a leaf- 
bud. In some cases, however, of 
monstrosity, especially seen in the Eose 

(fig. 226) and Gcum, the central part, 

A, is. prolonged, and bears leaves 

or flowers. In such crises the flowers p. 

are usually abortive, the essential or- V 

gans being so altered as to unfit them 

for their flmctions. Such metamor- 

phoses confirm Goethe’s doctrine, that 

all the parts of the flower are altered ^ 

leaves. ^ 

325. The general axis of inflor- 
escence, is sometimes called rctehis 
the spine); the stalk support- 
ing a flower, or a cluster of flowers, c‘_ 
is a peduncle (pes^ a foot) (fig. 231 a'); 1 

and if small branches are given off by Jy \J 

it, they are called pedicels (fig. 231 y /iffTVjf 

a"). A flower having a stalk is called S 

pedunculate or pedicellate (fig, 231); y j iffy 

one having no stalk is sessile (fig. 237). V 

In describing a branching inflores- f 

cence, it is common to speak of the 

Eachis sCs the primary flor^ axis, its branches as the secmidary floral 
fixes, their divisions as the tertiary floral axes, and so on; thus avoid- 
ing any conflision that might arise from the use of the terms rachis^ 


peduncle^ wid pedicel 

326. The Pednnele assumes various forms. It is 
cylindrical, compressed, and grooved; simple, bear- 
ing a single flower, as in Primrose; and branched, 
as m London-^pride. It is sometimes large and suc- 
culent, as in the Cashew (fig. 227 jp), in which the 
peduncle forms the large coloured expansion sup- 
porting the nut; spiral, as in CyclBmen. and Vallis- 
neria (fig. 228); spiny, as in Alyssum spinosum. 
Sometimes the floral axis is shortened, assuming a 
flattened, convex, or concave form, and bearing 



Fig. or ownstroaB Bose, showing the prolongation of the axis beyond the 

flowers, ^Ciji^fninlbnBodinto leaves, n. Petals multiplied at the expense of the stamens^ 
wmcili aMteducjediii norshte:. ' f* Coloured leaves representing abortive carpels, a, Axis .pro • 
IcttwedjJbesHn^ii immarlbct flower at its apex. 

Iig. Cashew iAiuamrdkm occukntale). p. Enlarged peduncle, a, Fruit or not. 
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numerous flowers, as in the Artiohoke, Daisy, and Fig. In these cases 
it is called a Beceptacle or Phoranthhm 1 bear, and Moe", 

flower), or CUnarUhmn a bed, and Mau flower). 

837. The Fkrdl axis sometimes assumes a leaf-like 0 Tphyl 1 md{<pv>.'kii 9 f 
a leaf, and form) appearance,. bearing numerous flowem at its 
margin, as in Xylophylla longifolia (fig. 229), and in Ruscus; or it 
appears as if formed by seuer^ pedundes united together so as to be- 


come a fasciated axis, as in the Cockscomb (fig. 280), in which the 

flowers form a pecu- 



liar crest at the i^ex 
of the flattened pe- 
duncles. Adhesions 
take place between 
the peduncle and the 
bracts or leaves of 
the plant, as in the 
Limetree, Heiwingia, 
Chailletia, several 
species of Hibiscus, 
and in Zostera. The 
adhesion of the pe- 
duncles to the stem 
accounts for the 
extra-axillary posi- 
tion of flowers, as 
in many Solanac^ ; 
when this union ex- 
tends for a consider- 
able length along the 
stem, several leaves 
may be interposed 
between the part 
where the peduncle 
becomes free, and the 
leaf whence it ori- 
ginated, and it maybe 
diflicult to trace the 


* connection. 

328. The pedimcle occasionally becomes abortive, and in place of 
bearing a flower, is transformed into a tendril 201); at other timpa 


FJtt. PiBtmtfBwpB ptot qdraliB, diowlng q>iral pedundes or flewer-stalks. 

JS1***S?*^L*S^**J^ tiio flowers reach tbe^sorfiice of the water previous to feptlliaatloiir^ 
liOB^Uko flattened pedundOi r, <rf Xylophjdla Cflusters 


of^reivdevek^ped toXomtrinigal or cymose maimer. - 

m--Upp» part of flattened or fhsdated flowering stem of Odoslfr ertstata (dedsamm, 
having the form of a crest, covered with pointed bracts, and sapportlng flowers on its nmTHtt , . 
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it is hollowed at ihe apex, so as apparently to form the lower part of 
the outer floral envelope, as in Eschscholtzia. 

829. The termination of the peduncle, or the part on which the 
whorls of the flowers are arranged, is called the ThaiUmvs or Toma, 
It is the termination of the floral axis. The term recepta/cU is also 
sometimes applied to this, whether expsmded so as to bear several 
flowers, or narrowed so as to' bear one. Iff, may be considered as the 
growing point of the axis, which usually is arrested by the production 
of the flowers, but which sometimes becomes enlarged and expanded. 
Thus, in the Geranium, it is prolonged beyond the flower in the form 
of a beak; in the Arum, it is a club-shaped fleshy column (fig. 289, 
2, a) ; in the Strawberry, it becomes succulent and enlarged, bearing 
the seed-vessels; while in Nelumbium it envelops them in the form of 
a truncated tabular expansion. • In some cases it bears the seeds. In 
some monstrous flowers, as in Eose and Geum, it is prolonged as a 
branch bearing leaves (fig. 226). 

830. There are two kinds of inflorescence — one in which flowers are 
produced in the axil of leaves, while the axis continues to be elongated 
beyond them, and to bear other leaves and flowers; the other in which 
the axis ends in a single terminal flower. In the former, the flowers 
are axillary, the axis extends in an indefinite manner, and the flowers, 
as they successively expand, spring from floral leaves placed higher on 
the axis than the leaf from which the first flower was developed. In 
the latter, the single solitary flower terminates and defines the axis, 
and the flowers developed subsequently, arise fix)m floral leaves below 


this central flower, and therefore fiirther re- 
moved from the centre. 

331. The first is Indeterminate, Indefinite, or 
AociUary inflorescence, ii\ which the axisis either 
elongated, continuing to produce flower-buds 
as it grows, the lowermost expanding first ; or 
it is flattened and depressed, and the outermost 
flowers expand first. The expansion of the 
flowers is &us centripetal, that is, from base to 
apex, or jfrom circu^erence to centre. When 
thisl^dofinflorescenceproducesmanyflowers, 
it is simple, and proceeds from the development 
of the flower-buds of a single blanch. This 
kind of inflorescence is shown in fig. 281, where 
the leaf from which the cluster of flowers is 



Flff. 281 .>-Raceme of Barberrv vukraHs)^ produced In the asdl of a leaf or hmctiX 

which has been transformed into a spine, with two stipulea- «, at its base, o', Prinuury floral 
axis, bearing small alternate bracts, ^ in the anilof which the secondarw axes, a" al ara pro- 
duced, eadi terminated by a flower. The expansion ojT the flowers is centripetal, or from baee to 
apex ; the lower flowers have passed into the state of fruit, the middle are fliUy expanded, and 
those at the top are still In bud. Indeterminate simple inflorescence. 
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produced, / represeats the bract or floral lea£ The rachis^ or primary 
axis of the flower, is this produces small leaflets, 5, which bear 

smaller flower-leaves or bractlets, from 
which pedimcles or secondary axes 
spring, bearing each single flowers, 
llie whole inflorescence is the product 
of one branch, the lower flowers having 
expanded first, and bearing finit, while 
the upper are in bud, and the middle 
are in full bloom. In fig. 232, the same 
Idnd of inflorescence is shown on a 
shortened axis, the outer flowers expanding first, and those in the 
centre last. 

332. The second is Deitermimte^ or inflorescence, in 

which the axis is either elongated and ends in a solitary flower, which 
thus terminates the axis, and if other flowers are produced, they are 

secondary, and farther from the centre ; 
or the axis is shortened, and produces 
at once a number of flower-buds, but of 
these the central flower expands first, 
being in fact the termination of the 
axis, while the other flowers are develop- 
ed in succession further from the centre. 
The expansion of the flowers is in this 
case centrifugal^ that is, from apex to 
base, or from centre to circumference. 
When this inflorescence produces many 
flowers, it is compound^ and proceeds 
from the development of the buds of 
several branches. It is illustrated in 
fig. 233, where a representation is given 
of a plant of lianunculus bulbosus; a! is 
the primary axis swollen at the base in a 
bulb-like manner, 6, and with roots pro- 
ceeding from it. From the leaves which 
are radical proceeds the axis ending in 
a solitary terminal flower,/. About 
the nflddle of this axis there is a leaf 

Fig. 238.— Head of Sowers or glomemlns of Scabiosa atro>purpurea. The Inflorescence is sim- 
ple and indeterDoinate, and the expansion of the flowers centripetal, those at tho drciunference 
opening first 

Fig. 83a— Plant of Bannnculus bulbosus, showing determinate compound inflorescenc& o', 
Plenary floral axis dilated at its base, so as to form a sort of bulb, 6, whence the roots and radical 
leaves proceed. Solitary flower, terminating the primary axia About the middle of the axis 
a leaf Is develop which gives origin to a secondary axia a", ending in a solitai 7 flower,/', 
whitih is not so advimeed as/. On the secondary axis a leaf is formed, from the axU of which a 
tertiary sf", proceeds, ending in a flower, /" which is still in bud. On this axis another 
floral liiw and bud is in the progress of formation. 
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or bract from which a secondary floral axis, a", is produce^ ending m 
a single flower, /", less advanced than the flower, This secondary 
axis bears a leaf also from which a tertiary floral axis is produced, a'^', 
bearing an unexpanded solitary flower, From tips tertia^ axis 
a fourth is in progress of formation. Here f is the real termination 
of the axis, and this flower then expands first, the other flowers being 
developed centrifiigally on separate axes. It is a compound inflores- 
cence. 

333. fndeiliitte inflonMcence. — ^The simplest form of this inflores- 
cence is when single flowers are produced in the axils of the ordinary 
leaves of the plant, the axis of the plant elongating beyond them, as 
in Veronica hederifolia, Vinca minor, and Lysimachia nemorum. The 
ordinary leaves m this case become floral leaves, by producing flower- 
buds in place of leaf-buds. In place of solitary flowers there is 
often an elongated floral axis or peduncle arising from a more or less 
filtered leaf or bract, and bearing numerous leaflets, called hracteoles or 
hractlets^ from which smaller peduncles 
fire produced, and those in their turn 
may be branched in a similar way. 

According to the nature of the sub- 
division, and the origin and length of 
the flower-stalks, there arise numerous 
varieties of floral arrangements. When 
the primary peduncle or floral axis, as 
in fig. 231 a , is elongated, and gives 
off pedicels, of nearly equal length 
endmg in single flowers, a raceme or 
cluster is produced, as in Currant, 

Hyacinth, and Barberry, If the sec- 
ondary floral axis gives rise to ter- 
tiary ones, the raceme is branching, 
find forms a panicle. In fig. 234 is 
represented a panicle of Yucca gloriosa, 
a' being the primary axis or rachis with 
bracts, giving off numerous secondary 
axes, a", which in their turn develop 
tertiary axes, a'", the development in 
each of the secondary axes being centripetal, and hhhh being the bracts 
from which the separate axes are produced. K the peduncles in the 
middle of a dense panicle are longer than those at the extremities. 

Fig. 234.— Panicle or branching raceme of Yucca glorioaa. a\ Primary axis or rachia 
Secondary axes or smaUer pedundea Tertiary axes or pedicels bearing flowers, bbhh^ 

Bracts and bractleta, in the axil of which the axes are produced. The inflorescence is Indeter* 
rainate, and conaistB of a series of racemes on a common a-itia, a\ The expansion of the whole 
inflorescence is centripetal, and each is also the case with each of the racemes forming it, tiie 
flowers at the base of uio axes opening first 
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a ia produced, .as ,in lilac. If in a raceme the lower flower- 

stalSs are elongated^ and come to nearly a level with the upper, a 
4brymd is form^ which may be simpie, as in flg. 235, where the pri- 
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mary axis, a', divides into secondary axes, a" a", which end in single 
flowers; or compound, as in fig. 236, where the secondary axes again 
subdivide. 



834. If the peduncles or secondary axes are very short 
or awanting, so that the flowers are sessile, a is pro- 
duced, as in Plantago and Verbena ofiicinalis (fig. 237J. 
The spike sometimes bears unisexual flowers, usually stami- 
niferous, the whole falling off by an articulation, as in Wil- 
low or Hazel (fig. 238), and then it is called an ammtum 
or catkin; at other times it becomes succulent, bearing 
numerous flowers surrounded by a sheathing bract or spatha, 
and then it constitutes a spg/dix, which may be simple, as in 
Arum maculatum (fig. 239), or branching, as in Pahns. 
A spike bearing female flowers only, and covered with 
scales, is either a stroUlm, as in the Hop; or a com, as in 
the Fir (fig. 201). In grasses, there are usually numerous 
sessile flowers arranged hj sniall spikes, called Locustm or 


Fig. 2S5.--Coryinb of Cerasns Mahaleb, produced in the axil of a leaf which has fbllen, and ter- 
minating an abortive branchy at the baae of which are modified leaves in the form of scales, e. 
afy Primary axis, or peduncle, or ractiis, producing alternate bracts, h ft, from the axil of which 
■econduT axes or pedicels, of' af\ arise, each bearing a single flower. Tlie evolution or expansion 
of the flowers is centripetal 

Fig; saa^ompound or bnuudilng corymb of Pyrus torminalis. o', Primary axla af\ 
Serandary axes. oC* ol'\ Tertiary axes or pedicels hearing the flowers directly, o 6 5, Bracta 
Fig; 887.— Sp&e of Verbena omdnalis, showing sessile flowers on a common rachis; the in- 
flo&vscence indeterminate, and the evolution of the flower centii|ietaL The flowers at the lower 
part of the q;>ifce have pasi^ Into fruit, those towards the middle are in fbll bloom, and those at 
the top are only in bnd. 
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spikelets^ and these chzsters are either set closely along a centrd aads 
or rachis, or they are produced on a branched panicle^ 
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335. If the primary axis, in place of being elongated, is depressed 
or flattened, it gives rise to other forms of indefiiite inflorescence. 
When the axis is so shortened that the secondary axes or peduncles 
arise from a common point, and spread out like radii of nearly equal 
length, each ending in a single flower, or dividing again in a s imi la r 
radaating manner, an Umbel is produced, as in figs. 240 and 241. In 
fig. 240 the floral axes, a', a', a', end in simple umbels, o', o', o', and the 
umbels are called stipitate or stdUced; while in fig. 241 the primary 
floral axis, a\ is very short, and the secondary axes, a' a', come off from 

Fig 238.>-Anieiitii7n or catkin of Hazel (Corfflus Avellana), conzistinfiT of an axis or rachis 
covered with hracts in the form of scales (squama!)^ each of which covers a male flower, the 
stamens of which are seen projoctina beyond t%e scale. The catkin falls off in a mass, separat- 
ing from the branch by an articulation. 

Flff. 239. — ^Spadix or succulent spike of Arum maculatnm. 1 Exhibits the sagittate lea^ the 
spatha or sheathing bract, d, rolled round the spadix, the apex of which, a, is seen projectlng.- 
2. Shows tile spatha, 6, cut longitudinally, so as to display the spadix, a. /. Female flowers at 
the base, m, Mole flowers. On the spadix there are numerous abortive flowers indicated by 
hair-like projectiona 

Fig. 240.~Scveral umbels, o' o' o' o', of Aralia racemosa. a. General axis or the apex of the 
branch terminated by a single umbel fruther advanced than the rest a' o' o' o;', Axes arining 
from it, wliidi are secondary as respects the general axis, a; each of them bears an umbd, and 
as regards this inflorescence they are primary, of' a" or', Secondary axes, or the radii of pe 
mnbel. bbbj Bracts placed alternately on the general axis, Shows a double bud probeeding 
from the axil of one of these bract^ and thus giving rise to two-stalked or stipitate umbelat 
« • i, Vertlcillate bracts, forming involucres at the base of the radii of the umbels. 
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it in a radiating or nmbreUa^-like maimer, and end in smaU umbels, o', 
which are caJl^ partial umbels or umhellules, to distinguish them from 
the general umbel arising from the primary axis. Tliis inflorescence is 
seen in Hemlock, and other allied plants, which are hence called 
Umbelliferous. 
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336. If there are numerous flowers on a 
flattened convex or slightly concave recep- 
tacle, having either very short pedicels or 
none, a capitulum (a head) or anthodium 
Mos, a flower, ooog, a way or method), or 
calathium a small cup), is formed 

as in Dandelion, Daisy, and other composite 
plants, (figs. 242 and 243); ot & glomerulus* 
(a ball), as in Scabiosa (fig. 232), and in 
Dipsacus (fig. 244). Such a receptacle or 
flattened peduncle may sometimes be folded 
so as to enclose partially or completely a 
number of flowers (generally unisexu^), 



♦ By some this term Is applied to llio centrifugal inflorescence of certain Urticaccas, Clienopu- 
diacese, and Juncaceai. 

Fig. 241. — Componnd umbel of Carrot (pauevs Carota). rx', Primary axis shortened and 
depressed, so as to present a convex siutface. o'' Secondary axes or radii of the general um- 
bel, each ending in a partial umbel or umbcllulc, o" o" o" o'', a'" a'", Tertiary axes or radii of 
the partial umbels or mnbellulea i', Hnnatipartite bracts, forming the general involucre, i" i'', 
pie biticts. forming the partial involucre or involncd. 

g. 242.--Capitulum, Anthodium, or Head of flowers of Scorzonera hlspanica. 5, Imbricated 
its. foiming on involucre. /, Florets or small tiowci’s on the receptacle, having a centripetal 
evolution. 

Fie. 243.— The same Capltnlnm cut vertically, r. The Receptacle, Phoronthimn, or the flat- 
tened and depressed apex of the peduncle, bearingthe florets,/, 'which are surrounded by bracts, h. 
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giving rise to the peculiar inflorescence of Dorstenia (fig. 245), or to 
that of the Fig (fig. 246), where f indicates the flowers placed on the 
inner surface of the receptacle, and provided with bracteoles. This 
inflorescence has been called Hypan^dium (vxd, under, and a 
flower). 
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337. On reviewing these different kinds of inflorescence, it will be 
observed that tlie elongation or shortening of the axis, and the presence 
or absence of stalks to the flowers, determine the different varieties. 
Thus, a spike is a raceme in which the flowers are not stalked, the 
uml>el a raceme in which the primary axis is shortened, the capitulum 
or head a spike in which the same shortening has taken place. ^ 

338. Definite Inflorescence. — ^Tlie simplest form of tills inflorescence 
is seen in Anemone nemorosa (fig. 247), or in Gentiana acauHs (Gen- 
tianella) where the axis terminates in a single flower; and if other 
flovrers are produced, they arise fi:om the leaves below the first-formed 
flower. When numerous flowers are produced, and the axes are much 
shortened, it is sometimes difficult to imderstand this mode of in- 
florescence. It may be distinctly traced, however, in plants with 
opposite leaves, in which the different axes are clearly developed. In 
Hg. 248 is represented the flowering branch of Erythrasa Centauiium. 
Here the primary axis, end» in a flower,/^, which has passed 
into the state of fruit. At its base two leaves are produced, each 
of which is capable of developing buds. In the Gentiana acaulis 

Fiff. 244. — IntloreRCcncc of DipHacus aylvcstris. Glomerulus, or head of flowers, each of 
wWch is separated l>y lon*( pointed bi'acts. The flowers are evolved in a centripetal manner. 
e The first (expanded, followed by tliose at e w<, while those at the apex, e 5 , are in bud. 

Fig. 245.-— Iiiflores(>.encc of Jlorsttmia Contrayervu, consisting of a broad slightly concave 
re^ptaclc, r, on which numerous male and female flowers, /, ore placed. 

Kg. 24d.-.lnfiorescence of Fig Carica)^ showing the hoUow receptacle, r, or peduncle, 

which forms the fruit covered with flowers,/, of various kinds. 
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these .leaves laxely produce buds, but in the present plant they 
generally do. The buds so produced are flower-buds, and constitute 
seconda:^ axes, a", ending in single flowers, which thus are 
terminal and solitary ; and at the base of these axes a pair of opposite 
Iwes is produced, giving rise to tertiary axes, a'" a'" a'", entflng in 
single flowers, and so on. The divisions in this case 

always take place by two, or in a cUchotonum {lixet, in two ways, and 
T«/ecif«, I cut) manner. Had there been a whorl of three leaves in 
place of two, the division would have been by three, or trichotomom 
^ ways). 
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Fig. 247. Anemone ncznorosa. a. Subterranean stem. /, Lea£ d, Floral axis producing 
bracta, 6, wbiob form a thiee-leayed involucre. «, Solitary flower terminating the Inflor- 
eaoenoe oetenninate. 
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339. When the leaves become very small, and are transformed 
into true bracts, this whole system forms a single inflorescence, and 
has received the name of cj^me. As 
the definite inflorescence occurs in a 
marked degree in the cjrme, it has 
hence been called cymoae; and the 
cyme itself, according to its divisions, 
has been characterized as dichotomous 
f)r trichotomous. In figs. 249 and 
250, the cyme is represented in two 
species of Cerastinrn, belonging to the 
natural order Caryophyllaceas, in 
which cymose inflorescence is of 
general occurrence. The leaves in 
the figiures are small bracts giving 
origin to flower-buds in the same 
way as in fig. 248; the flowers at of 
a' being the termination of the pri- 
mary axis and expanding first, the 




Fijf. 248.~FlowcrinK branch of Erythwea centnuriunv Pi’imary axis, a" Two secon- 
oftTy axes, a**' of" Tertiary axes, four in nmiiber. a"" a'"* ft'"VQnateniary axes, eight in 
/’ flower in various stages of development /', Solitary flower which has passed 
into nuit te^mating the primarj’^ axia Flowers less advanced, terminating the secondary 
Sftt***-* / • in bnd at the exti’emity of the tertiary axes, and so on. Inflorescence 

aeninte OT determinate. Evolution of flowers centrifugal. 


Ccrastium'tctrandnim. have the same meaning as hTIhe 

5^ the quatemaiy axca o'"", the inflorescence becomes lateral hy the non- 
aevelqpment of the flower-buds on one side. 


H 
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Others bemg subsequently developed in a centrifugal order. In some of 
the Pink tribe, as Dianthus barbatus, Carthusianorum, <&€., in which 
the peduncles are short, and the flowers closely approximated, with a 
centrifligal expansion, the inflorescence has received the name oifascwk. 
A simil^ inflorescence is seen in such plants as Xylophylla longifolia 
(fig* 229). When the axes become very much shortened, the arrange- 
ment is more complicated in appearance, and the nature of the inflores- 
cence is indicated by the order of opening of the flowers. In Labiates, 
as in the Dead nettle (Lamium), the flowers are produced at the axil 
of each of the leaves, and might be looked upon as ordinary whorls, 
but on examination it is found that the central flower expands first, 
and that the expansion is thus centrifugal. The inflorescence is tliere- 
fore truly cymose, tlie flowers being sessile, or nearly so, and the clusters 
are called vertidllasters (vertidllm, a kind of screw). 

340. Sometimes the bract on one side of a dichotomous cyme, 
especially towards the summit of the inflorescence, does not give 
origin to buds, as seen in the upper flower of fig. 250. When a 
single bract only is produced, in place of tvro, there is often an anoma- 
lous cymose inflorescence produced, resembling a raceme. Thus, in 
Alstrdmeria, as represented at fig. 251, the axis, o/, ends in a flow'er, 
which has been cut off, and a leaf. From the axil of this leaf, that is, 


between it and the primary axis, a secondjuy Jixis, a", is formed, 
ending in a flower /^', and producing a leaf Jibout 
the middle. From the Jixil of this leaf, a tcrtkiry 
floral axis, o'", endingin aflower, /'", is developed, 
Sometimes the bract on the opposite 
side shows itself, as at a. This inflorescence 
therefore,' although it appears simple and race- 
\ mose is truly compoimd and cymose, consisting 

^ , J1 ’ of a series of separate axes, with a 

TiO centrifiigd expansion. Theflower- 
Y branch often exhibits, in such 
cases, a series of curvations. In cer- 
biin orders of plants, especially 
II Boraginaceajjthebractsbeingalter- 
jy ~ |l nate, give rise to an inflorescence 

251 252 of this kind. Thus, in fig. 252, a 


is a primmy axis, ending in a floweSr, producing another, and that, 
a third, c, a fouith, &c., all on the same side. In such a case there 


is usually a remjirkable curvature resembling the tail of a scorpion, 


Fig. 251.— Ffllsc raceme of a species of Alstrumcria. a' a*' a'" Separate axes successively 
cleveloiHjd, which appear to’ form a simple continuous raceme, of which the axes fonn the intcr- 
iiodes. It is a eompouiicl detenninate inflorescence, liowever, with ceiitrifiigul evolution. Each 
of the axes is produced in the axil of a Icat; and is terminated by a flower, opposite 

to that leaf. 

Fig. 252.— Figure to show the formation of a scorpioidol or helicoid cyme, consisting of soparatc 
axes, abede. 
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and the cyme is called scorpwidal or keUcoidal a spiial, and 
elhe, form) or gyrateJ* It is seen in the forget-me-not (fig. 268)i 
341. Instances of both kinds of floral escpansion occur occasionally 
on the same plant. Thus, in Composits^ the beads of flowers taken 
as a whole, are developed centrifligally, the terminal head first; while 
the florets^ or small flowers on the receptacle, open centripetally, those 
at the circumference first. So also in Labiatse, the diflerent whorls of 
inflorescence are developed centripetally, while the florets of the verti- 
cillaster are centrifligal. Sometimes this mixed character presents 
ditficulties in cases such as Labiatas, where the leaves, in place of 
retaining tlieir ordinary form, become bracts, and thus might lead to 
the supposition of all being a single inflorescence. In such cases, the 
cymes are described as spiked, racemose, or paniclcd, according to 
circumstances. Fig. 254 represents a panicled cyme of Privet, in 



• Schleideii says that this inflorescence Is slmyly a unilateral raceme, having centripetal ex- 
pansion. 

Fig. 253.— Scorpioidal, gyrate, or helicoid cyme of Forget-me-not {Myosotis palustris.) 

Fig. 254- — CyiiioBc panicle, or Panicled cyme of Privet {Ligustrum vulgare). The primary 
axis, O' gives off secondary axes, a" a'\ wliich are oiiposite to each other, and produce tertiary 
axes, a'" o'", which are dicliotomons, and consequently end in small threc-flowei’ed cymes, c v 
Of the tliree flowers terminating tlicse tertiary axes, the central one expands first, the evolution 
of the others being centrifugal. 
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yrbicli tlie primary axis, a', gives of secondary axes, a" a", whence arise 
tertiary, a"' a'", ending dichotomonsly, and producing three-flowered 
cymes, c c, in which the central flower expands first. Fig. 255 is a 

racemose cyme of Campanula, de- 
veloped in a very irregular manner, 
and giving rise to a peculiar mixed 
inflorescence; a' a' is the prim^ 
axis, ending in a flower, /', which 
has withered, and giving off secon- 
dary axes, a" a" each terminated by a 
flower, and developed centripetaUy, 
the lowest being most expanded. 
These are anomalous cases and not 
easily explained. Such mixed in- 
florescences, partly definite and 
partly indefinite, are by no means 
imcommon. 

842. Sometimes flowers proceed 
from what are called radical leaves; 
that is, from an axis which is so 
shortened, as to bring tlie leaves 
close together in the form of a clus- 
ter. From such stems, floral axes 
are pushed upwards occasionally, 
bearing single flowers, or flowers 
in umbels and racemes, as in Primrose, Auricula, Hyacinth, &c. In 
these cases, the name of scape is applied to the flowering stem. 


343 ^Taqulau Arbangembnt of Inflorescence ob Antiiotaxis. 

A. Flowers Sessile. 

1. Floral Axis elongated. 

1. Axis permanent. 

Spike (Flantago), Locusta or Spikelet (Lolium), Spadix (Arum), 
Cone (Fir), Strobilus (Hop). 

2. Axis deciduous. 

Catkin or Amentum (Willow), Compound Catkin (Male flowers of 
some Palms). • 

n. Floral Axis shortened or depressed (a Receptacle). 

Capitulnm, Anthodinm or Calatbium (Dandelion). 

B. Flowers Pedicellate. 

I. Floral Axis elongated. 

Fig. 395.— Racemose cyme, or C^ose raceme of Campanula, af a/. Primary aids, terminated 
by a flower, which has already withered, and is bcurinning to pass into the state of fruit, 
(sr <ie» af\ Semndary axes, each terminated by flowers, which are more advanced the lower 
they are in tihelr position. 
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1 Peduncles simple*^ 
a, of equal or nearly equal length. 

Raceme ^Currant, Hyacinth). 
h. lowermost longest. 

Centripetal expansion-^Corymb (Omithogalum). 

Centrifugal expansion^-Pasciclc (Pink). 

2. Peduncles branched. 

Panicle (Poa), Thyrsus (Lilac), Anthela (Luzula), Compound Ra- 
ceme (Plane-tree), Compound Corymb (Milfoil). 

11. Floral Axis shortened or depressed. 

1. Expansion centripetal. 

a. Peduncles veiy short, Flowers forming a close head. 

Glomerulus (Armeria, Scabious). 
h. Peduncles neany equal, radiating from a common centre. 

Peduncles simple — Simple Umbel (Astrantla, Ramsons). 

Peduncles branched — Compound Umbel (Hemlock). 

2. Expansion centrifugal. 

a. Peduncles simple — ^Verticillaster (Lamium). 

b. Peduncles branched — Cyme (Elder). 


2. — ^BRACTS OB FLORAL LEAVES. 

344. Flowers, with tlie exception of the terminal flower, arise from 
the axil of leaves, called Bractem^ hnicts or floral haves, Tlie term 
bract is properly applied to the leaf, from which the primary floral 
axis, whether simple or branched, arises, while the leaves which arise 
on the axis between the bract and the outer envelope of the flower 
are hra^teohs or hrojcthts. The two are distinct, but are often used 
indiscriminately in ordinary descriptions. Bracts sometimes do not 
differ from the ordinary leaves, and are then called leajy^ as in Ajuga. 
Like leaves, they are either entire or divided. In general, as regards 
their form and appearance, they differ from the ordinary leaves of the 
plants, this difference being greater in the upper than in the lower 
branches of an inflorescence. They are distinguished by their position 
at the base of the flower or flower-stalk. When the flower is sessile, 
the bracts are often applied closely to the cal)rx, and may thus be con- 
founded with it. 

345. When bracts become coloured as in Amherstia nobilis, Eu- 
phorbia splcndens, and Salvia splendens, they may be mistaken for 
parts of the corolla. They are sometimes mere scales or threads, and 
at other times they are abortive, find remain imdeveloped, giving rise 
to the ebracteated inflorescence of Cruciferm and some Boraginacem. 
Sometimes flower-buds are not produced in their axil, and then they 
are empty. A series of empty coloured bracts terminates the ioflores- 
cence in Salvia Horminum. The smaller bracts or bracteoles, which 
occur amongthe subdivisions of a branching inflorescence, often produce 
no flower-buds, and thus anomalies occur in the floral arrangements. 

846. Bracts are occasionally pemstent, remaining long attached to 
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the base of the peduncles, but more usually they are deciduous, falling 
off early by an articulation. In some instances they form part of the 
fruit, becoming incorporated with other 
organs. Thus, the cones of Firs (fig. 201) 
and the strobiJi of the Hop, are composed 
of a series of bracts arranged in a spiral 
manner, and covering fertile flowers; and 
the scales on the iruit of the Pine-apple 
(fig. 256 a), are of the same nature. In 
Amenta or catkins (fig. 238), the bracts 
are called sqimrm or scales. As regards 
their arrangement, they follow the same 
law as leaves ; being alternate, opposite, or 
« verticillate. 

347. At the base of the general umbel 
in umbelliferous plants, a whorl of bracts 
often exists called a general involucre (fig. 
241 2 *'), and at the base of the smaller umbels 
or umbellules, there is a similar leafy whorl 
called involncel or partial involucre (fig. 241 if'). 
In the case of Compositas, the name involucre 
is also applied to the leaves or scales surrounding the head of flowers (fig. 
242 5), as in Dandelion, Daisy, and Artichoke, This involucre is often 
composed of several rows of leaflets, which are either of the same or dif- 
ferent forms and lengths, and often lie over each other in an imbricated 
manner. When the bracts are arranged in two rows, and the outer row 
is perceptibly smaller than the inner, the involucre is sometimes said 
to be caliculate as in Senedo. The leaves of the involucre are spiny in 
Thistles and in Dipsacus (fig. 244 e t), and hooked in Burdock. Such 
whoiled or veitimllate bracts may either remain 
separate (polgpkgllous), or be united by adliesion 
(gamophyUoHsi), as in many species of Buplcurum, 
and in Lavatera. In the acorn they form the cupula 
or cup (fig. 257 c), and they also form the husky 
covering of the Hazel-nut. 

348. When bracts become united together, and 
overlie each other in several rows, it often happens 
that the outer onfes do not produce flowers or be- 
come empty or sterile. In the artichoke, the outer 
imbricated scales or bracts are in this condition, 

Pig'. 256.— Fruit of Pine-apple (ArMnam aativa), composed of numerous flowers united into one 
mass; the scales, a, being modified bracts or floral leaves. The crown, h, consists of a prolonga^ 
tion of the axis bearing leaves, which may be considered as a series of empty bracts, ^ e. bracts 
not prodneing flowers in th^ axiL 

ng. 267.— Acorn, or Fruit of the Oiik, c, Cupula or cup, formed by the union of numerous 
bracts or floral leaves, the free points of which arc seen arranged in a spiral manner. 
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and it is from the membranous white scales or bracts {palem) forming 
the choke attached to the edible receptacle, that the flowers are pro- 
duced. The sterile bracts of the Daisy occasionally produce capitular 
and give rise to the Hen-and-Chickcn Daisy. In place of developing 
flower-buds, bracts may, in certain circumstances, as in proliferous or 
viviparous flowers, produce Icfti-buds. 

349. A sheathing bract enclosing one or several flowers, is called 
a spatlta or spatke. It is common among Endogens, as Narcissus, Arum 
(fig. 239 ft), and Pahns. It is often associated with the spadix, and may 
be coloured as in CaUa hr Richardia gethiopica. When the spadix is 
compound or branching, as in Palms, there are smaller spathes sur- 
rounding separate parts of the inflorescence, to which the name spa- 
thellcB has sometimes been given. Tlie spathe protects the flowers in 
their young state, and often fidls off after they are developed, or hangs 
down in a withered form, as m some Palms, 'lypha, and Pothos. In 
grasses, the outer scales have been considered as sterile bracts, and 
have received the name of glmnes, and in Cyperaceaj bracts enclose 
the organs of reproduction. 

3. — THE FLOWER AND ITS APPENDAGES. 

350. The Piowcr consists of whorled leaves placed on an axis, the 

internodes of which jire not developed. This shortened axis is the 
Thalamm or torus. There are usually four of these whorls or ver- 
ticils : — 1. The outer one called the calyx. 2. Tlie corolla. 3. Tlie 
stameru^. 4. The most intemjil one, the pistil. Eadi of these consist nor- 
mally of several parts, which, like leaves, folio'# a law of alternation, 
'rhus, the flower of Crassula rubens (fig. 258) presents a calyx, c c, 
composed of five equal pieces arranged in a whorl ; a corolla, p p^ 
also five parts, placed in a whorl witliin the q, 

former, and occupying the intervals between 
the five pfirts of the calyx ; five stamens, e e e, c 
in the spaces between the parts of the corolla, 
and consequently opposite those of the cal 3 rx,* 
and five parts of the pistil, o o, which follow 
the same law of arrangement. Again, in 
Scilla italica, the parts are arranged in sets of 
ihree in place of five, as shown in fig. 259, 
where p' p^ p' are three parts of lihe external 
whorl; p" p" pi' ^ three of the next whorl; 258 

el, an outer row of stamens ; e", an inner row ; o, the pistil formed 
of three parts. It is distinctly seen in -these instances, that the parts of 
the flower are to be regarded as leaves arranged on a depressed or 
shortened axis. 

Fi(f. 258.— flower of Crassnla mbonA e c, FolioU of calyx or aepala p p. Petals, e e, Stamena 
o o. Carpels, each of them haviog a fanaU scale’hke appenuaige, a, at their hose. 
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351. When all the parts of the Sower are separate, «and normally 
developed, there is no difficulty in tracing this arrangement ; but in 

many cases it is by no means an easy mat- 
ter to do so, on account of changes pro- 
duced by the union of one part to another, 
by degeneration, by the abortion or non- 
development of some portions, and by the 
multiplication or foldmg of others.* Of 
the four whorls noticed, tlie two outer (calyx 
and corolla), are called ^oral envelopes ; the 
two inner (stamens and pistil), are called 
essential organs. When both calyx and 
corolla are present, the plants are IHclilmvg- 
deous (Jiff, twice, and a covering) ; 

occasionally one or both become abortive, 
and then the flower is either Monochlamgdeous single), having 

a csdyx only, or Achlarngdeous (« privative) or naked, having only 
the essential organs, and no floral envelope. 

352. The Fion&i finvelopes consist of the cal 3 rx and corolla. In 
most cases, especially, in Exogens, these two whorls are easily dis- 
tinguishable, the first being external and green, the latter internal, 
and more or less highly coloured. If there is only one whorl, then, 
whatever its colour or degree of development, it is the calyx. Some- 
times, as in many Endogens, the calyx and corolla both display rich 
colouring, and fire apt to be confounded. In such cases, the term 
Perianth (xegl, around, and flower), or Perigone and yuvi, 

pistil), has been applied to avoid 
ambiguity. Thus, in the Tulip, 
Crocus, Lily, Hyacinth, in place 
of calyx and corolla, authors 
speak of the parts of the peri- 
anth, although in these plants, 
an outer whorl (calyx), may be 
detected, of three parts, and an 
inner (corolla), of a similar 
number arranged alternately. 
Thus, the perianth of the White 
Lily (fig. 260 p), consists of 
three outer parts, ^ e, alternating 

* At the conclusion of the remarks on Uie organs of reinroduction, notice is ttikcn of various 
metaiuorT>hoses produced in flowers hy the causes above specifled. 

Fig. 269.— Flower of Scilla italica. ju' p' Three external leaflets, or divisions of tho perianth 
or Perigone. p" Tlic three internal leaflets, e', Stamens, opporite to tho flrst or external 

leaflets. Stamens, opposite the second or internal leaflets, o, Ovaries united together into 
one. s, Three styles, consolidated so as to form oue. 

Fig. 260.~Flower of White Ldly (LHutm album), p. Perianth or Perigone, having three parts 
exterior, p e. attemating with three interior, pi. e, Stamens, having versatile anthers attached 
to the tem «f the filaments, s, Stigma at the apex of tlie style. 

. 
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with three internal parts, p i, surrounding the essential organs, 
the stamens, and, s, the pistil. 

353. The term perianth then is usually confined to the flowers of 
Endogens, whatever colour they present, whether green, as in Aspa- 
ragus, or coloured, as in Tulip, Some use the term perianth as a 
general one, and restrict the use of perigone to cases where a pistil is 
present, not applying it to unisexual flowers, in which stamens only 
are produced. In some plants, as Nymphaea alba (fig. 310), it is not 
easy to say where the calyx ends, and the Corolla begins; as these two 
whorls pass insensibly into each other. 

854. Fi<vw«r-bnd. — ^To the flower-bud, the name ahhastrus (mean- 
ing rose-hvd) is sometimes given, and its period of opening has been 
called anthesis flower opening), whilst the manner in which 

the parts are arranged with respect to each other before opening, is 
the mtivatvon . (cestivus, belonging to summer), or prcejhratim {prcBj 
lieforo, audios, flower). The latter terms bear the same relation to 
the flower-bud, that vernation docs to the leaf-bud, and distinctive 
names have also been given to the diflferent arrangements wliich it 
exhibits. When the parts of a whorl are placed in an exact circle, 
and are applied to each other by their edges only, without overlapping 
or being folded, thus resembling the valves of a seed-vessel, the aesti- 
vation is valvate^ as in Calyx crf‘ Guazuma tilmifolia (fig. 261 c). The 
edges of each of the parts may be turned either inwards or outwards ; 
in the former case, the asstivation is iTiduplicate^ as in corolla of Gua- 
zurna ulmifolia (fig. 261 j^), in Ae latter reduplicate^ as in calyx of 
Althaea rosea (figs, 262 c, 263 c). Wlien the paiiafof a single whorl 
are placed in a circle, but each of them exliibits a torsion of its 
axis, so that by one of its sides it overlaps its neighbour, whilst its 
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FI£. 2C1.— niap^am of calyx, <*, and corolla, jd, in the bud of Gnazuina nlmlfolia. JSstivatiou 
of calyx valvate, of petals induplicate. 

Fig. 262.— Diagram of calyx, c, and corolla, p, in tiie flower>bud of Althasa rosea. ^Estivation 
of calyx reduplicate, of petals contorted or twisted. 

Fig. 86.3.— Flower-bud of Altlisca rosea in a young state, showing calyx, c, stiU completely 
enveloping the other parts, and the edges of its divisions touching eadi other. 

Fig. 864.— The some in a more advanced state, where tiie calycine divisions, c, are separated 
so as to allow the expansion of the corolla, the petals of which, j?, are contorted in sestivanon. 




oc 





170 


FLOWER-BUD. — ^iESSTIVATION. 


side is overlapped in like manner by that standing next to it, the 
sestivation is twisUd or contorted^ as in corolla of Alth®a rosea (figs. 
262^, 264^). This arrangement is characteristic of the flower-buds 
of the Malvaceas and Apocynaceae, and it is also seen in the Convolvu- 
lacess and some CaryophyUace®. Wlien the flower expands, the traces 
of twisting often disappear, but sometimes, as in Apocynaceae, it 
remains. 

355. In these instances of aestivation, the parts of the verticils are 
considered as being placed regularly in a circle, and about the same 
height, and they are included under circular ®stivation. But there 
are other cases in which there is a slight difierence of level, and then 
the true spiral arrangement exhibits itself This is well seen in the 
leaves of the calyx of Camellia japonica (fig. 
2G5 c), which cover each other partially like 
tiles on a house. This aestivation is imhrkated. 
At other times, as in the petals of Camellia 
(fig. 265 p)y the parts envelop each other com- 
pletely, so as to become cmvolate. This is 
also seen in a transverse section of the calyx 
of Magnolia grandiflora (fig. 267), where* 
each of the three leaves embraces tliat within 
it. When the parts of a whorl are five, as 
occurs in many Exogens, and the imbrication 
is such, that there are two parts external, two 
internal, and a fifth which partially covers one 
of the internal pafts by its mar^n, and is in its turn partially covered 
by one of the external parts, the aestivation is quincumcial (flg. 266). 
This quincunx is common in the corolla of Kosace®. Fig. 266 is a 
horizontal section .of the calyx in the flower-bud of Convolvulus 

sepixim, in which the parts are 
numbered Jiccording to their 
arrangement in the si)irai 
cycle, and the course of the 
spiral is indicated by a line of 
points. In fig. 268, a section 
is given of the bud of Antirr- 
hinum majus, showing the 
imbricated spiral arrangement. LI this case it will be seen, when 

Fig. 265.— Flovrer-bud of Camellia Japonica. c, Imbricated sepals of the calyx, Petah* with 

convolute lestivatiioii. 

Fig. 266.— Horizontal section of calyx in flower-bud of Convolvulus sepimn. Calyx consists 
of five sepals corresponding to the numbers in the figure, and the line of points indicates the 
din^eft of the spiral according to which they are arranged. 

1^ i67.— AiTangement of the three outer leaflets (calyx) in the bud of Magnolia grandiflora, 
^Joinansversely; aestivation convolute. 

■ Big. 26&— Arrangement of the parts of the calyx in the flower of Frogsmouth {Antirrhinum 
The ammgement differs from tliat in fig. 26 (h on account of a dlght twisting and over- 
' h^ing of the partft 
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('contrasted with fig. 266, that &e part marked 2, by a slight change 
in position, has become overlapped by 4. In flowers, su<3i as those 
of the Pea (T 379, fig. 292), one of the parts, the vcxiUiim, is often 
large and folded over the others, giving rise to veocillary a3stivation, 
or the Carina may perform a similar part, and tEeh the aestivation 
is carinal, 

356. The different verticils often differ in their mode of aestivation. 
Thus, in Malvaceae, the coroUa is contorted, and the calyx valvate, or 
reduplicate (fig. 264). hi Convolvulaceae, while the corolla is twisted, 
and has its parts arranged in a circle, the calyx is imbricated and 
exhibits a spiral arrangement (fig. 266). In Guazuma (fig. 261), the 
calyx is valvate, and the coroUa indnplicate. The circular aestivation 
is generally associated witli a regular csHyx and coroUa ; whUe the 
spiral aestivations are connected with irregular as weU as regular forms. 

357. The different parts of the flower, besides having a certain 
position as regards each other, bear also definite relations with respect 
to the floral axis whence they arise. An individual part of a flower 
may be turned to the one or the other side of the axis, to the right or 
to the left, in its normal state, and the same wiU be the case with the 
corresi)onding parts of the otiier flowers. This law often holds good 
with whole groups of plants, and a means is thus given of character- 
izing them. If a whorl of the flower consists of four parts, that which 
is turned towards the floral axis is cjdled superior or posterior ^ that 
next t\m bract whence the pedicel arises is inferior or anterwry wliUe 
the other two are lateral. If again, there are five parts of the whorl, 
then two are mferior, two lateral, and one superior. In plants having 
blossoms like the Pea, the vexUlum, or odd petal, is the superior part; 
whilst in the calyx, the odd part, by the law of alternation, is inferior. 
Sometimes the twisting of parts makes an apparent change in their 
j)(>sition. 


External Floral WhorlSy or Floral Envelopes, 

358. Caifx. — ^The calyx is the external -envelope of the flower, and 
consists of verticiUate leaves, caUed sepals, foliokiy or phylla {folium, and 
a leaf). Tliese (salycine leaves are sometimes separate from each 
' 'tiler, at other times they are united to a greater or less extent ; in 
the former case, the calyx is polys^palme or polyphyllom many), 

in the latter gamosepahm or gamopJiyllaus, monosepalous or nwnophyl- 
lous (yufiogj union, ot fcoyog, one). The divisions of the calyx present 
usuaUy aU the characters of leaves, and in some cases of monstrosity 
they are converted into the orduiary leaves of the plant. This is 
frequently seen in the Rose (fig. 226 c), Pieony, &c. Their structure 
consists of ceUular tissue or parenchyma, traversed by vascular bundles, 
in the form of ribs and veins, containing spiral vessels, which can be 
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unrolled, delicate woody fibres, and other vessels, — ^the whole being" 
enclosed in an epidermal covering, having stomata, and often hairs on 
its outer surfece, which corresponds to the under side of the leaf. 

359. — The venation of the calyx in the great divisions of the vege- 
table kingdom, is similar to that of their leaves; parallel in Endogens, 
reticulated in Exogens. The leaves of the calyx are usually entire 
(fig. 269), but occasionally they are cut in various ways, as in the 
Rose (fig. 270 c/), and they are sometimes hooked at their margins, as 
in Rumex uncatus (fig. 271 c i). In the last-named plant, there arc twD 



whorls of calycine leaves, the outer of which, c e, tire entire, and there 
are also swellings, g, in the form of grains or tubercles on the back 
of the inner hooked sepals. The outer leaves, c e, may be lot)ked upon 
in such cases as bracts occupying an intermediate place between leaves 
and sepals. It is rare to find the leaves of the calyx stalked. They 
usually consist of sessile leaves, in which the laminar portion is only 
slightly developed, and frequently the vaginal part is alone present. 
Sepals are generally of a more or less oval, eUiptical, or oblong form, 
with the extremity either blunt or acute. In their direction they 
are erect or reflexed (with their apices downwards), spreading out- 
wards (divergent or patulous), or arched inwards (connivent). They 
are usually of a greenish colour, and are called foliaceous or herhojceaas ; 
but sometimes they are coloured, as in the Fuchsia, Tropoeolum, and 
Pomegranate, and they are then ,palled petaloid. Whatever be its 
colour, the external envelope of the flower must be considered as the 
calyx. 


Fig. 369.->FentapbyUous or pentasepalous caljx of Stellaria Holostea; si^s entire. 

F£. 270.~Flower of the Rose, cut vertically, c t. Tube of the calyx, cf. Limb of calyx divided 
into leadets. e e, Stamens, o o, Ovaries, each having a style vrhlch reaches beyond the tube of 
the calyx, and ending in a stigma, s. 

Fig. S71.— Calyx ofKumex lincatuiB, composed of two verticils or whorls; the outer, c e, having 
short and entire divisions; the inner, e i, having larger divisions, which exhibit at the margin 
narrow hooked projections, and have at tiioir base a granular swelling, g. 
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360. The nature of the hairs on the calyx gives rise to terms simi^ 
lar to those already mentioned as applied to the surfaces of plants 
(T 60). The vascular bundles 
sometimes form a prominent rib 
(figs. 272, 273), which indi- 
catas the middle of the sepal, at 
other times they form severed (fig. 

274). The venation is useful in 
pointing out the number of leaves 
which form a gamosepalous calyx. 

At the part where two sepals 
unite, there is occasionally a pro- 
minent line, formed by the union 
of the vessels of each (fig. 274), which divides near the apex into two 
branches, each following the course of their respective sepals. 

361. In a polysepalous calyx, the number of the parts is marked by 
Greek numerals prefixed, llius, a trisepalmts calyx has three sepals, 
pmtasepaloiis or pentaphyllmis^ five, as in Stellaria Ilolostca (fig. 269), 
and so on. The sepals occasionally are of different forms and sizes. 
Thus, in Aconite, one of them has a peculiar helmet shape, and has 
been cjilled galeate (galea, a helmet); some authors regard this as a 
petal, but it seems to belong to the outer whorl, and is consequently 
a part of the calyx. In Calcophyllum, one of the sepals enlarges after 
the corolla ftills, and becomes of a fine pink colour. 

362. In a monophyUous or gamosepalous calyx, the sepals adliere 
in various ways, sometimes very slightly, as in CEnothera; and their 
number is marked by the divisions at the apex. These divisions are 
either simple projections in the form of acute or obtuse teeth (fig. 273), 
or they extend about half way, as fissures, the calyx being trijid (tliree- 
deft), quinquefid (five-cleft), as in Primula elatior (fig. 272), according 
to circumstances; or they reach to near the base in the form of parti- 
tions, the calyx being tripartite, quadripartite, quinquepariite, &c. The 
adhesion or union of the parts may be complete, and the calyx may 
be quite entire or trwmate, as in some Correas, the venation being 
the chief indication of the different parts. The adhesion is sometimes 
irregular, some parts uniting to a greater extent than others, thus 
forming a two-lipped or labiate calyx, which, when the upper lip is 
arched, becomes ringent The u(lper Hp is often composed of three 
parts, which are thus posterior or next the axis, while the lower has 
two, which are anterior. The part formed by the union of the sepals 
is called the tube of the calyx; the upper portion where the sepals 
are free is the limb. Sometimes a monophyUous calyx assumes an 



13^* or Sve-cleft calyx of Primula elatior or the oxlip. 

S®* SA— Five-toothed calyx of Silenc inflata. 

Sig. 274. — Calyx, c, of Hibucus, witti its calculus or epicalyx, h. 
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angular or prismatic form, as in Lamium and Primula, and then the 
angles are marked by the midribs of the sepals which form it. 
Occasionally the calyx has a globular form, at other times it is hell 
shaped^ furmeUshaped^ twrhimte (like a top), or injlated, 

363. Occasionally, certain parts of the 
sepals imdergo marked enlargement. In the 
Violet, the calycine segments (lacinias) are pro- 
longed' dbvniwarda beyond their insertions, 
and in the Indian Cress (TropoDolum) this 
prolongation is in the form of a spur (ca/car), 
formed by three sepals (fig. 275, c); in Del- 
phinium it is formed by one. When one or 
more sepals are thus enlarged, the calyx is 
caharate or spurred. In the Pelargonium, the 
spur from one of the sepals is adherent to the 
flower-stalk. 

364. In some plants as the Mallow tribe, the flower appears to be 
provided with a double calyx, which has been denominated caliculate 
the outer calyx being the epicalyx. In fig. 274, c represents the calyx 
of Hibiscus, and b the smaller calyx or epicalyx outside; and in fig. 

276, the same thing is shown in PotentiUa vema. 
Many authors look upon the outer calyx as a col- 
lection of whorled bractlets, or an involucre placed 
immediately below the flower. In some cases the 
projecting teeth between the divisions of the calyx, 
as in Kosaocse, are to be traced to the transformed 
stipules of the calycine leaves. Degenerations take 
place in the calyx, so that it becomes dry, scaly, and 
glumaceous (like the glumes of grasses), as in the Kush tribe; hairy as 
in Gompositas ; and a mere rim, as in some Umbelliferse and Acanthace®, 
when it is called obsolete or marginate. 



365. In Compositas, Dipsaccas, and Valerianacese, the tube of the 
calyx adheres to the pistil, and the limb is developed in the form of 
hairs, called pappus. This pappus is either simple (jnlose) (fig. 278), 
or feathery {plumose) (fig. 279). In cases where, to the naked eye, the 
hairs appear to be simple, the application of a lens sometimes exhibits 
distinct tooth-like projections often , irregularly scattered. In figs. 
277, 278, and 279, there are examples of calyces, c, the tubes of 
which, <, are united to the pistil, whfle the limbs, Z, show a transition 
from the narrowed thread-like form in Catananche crorulea (fig. 277), 
to the pilose in Scabiosa atro-purpurea (fig. 278), and thence to the 
plumose in Pterocephalus palsestinus (fig. 279). In Valeriana, the 
limb of the calyx at first seems to be an obsolete rim, but as the finiit 


Fljor. 275.— Calcarato calyx of Tropoeolam or Indian cress, e, Spur or calcar, p. Pedicfd. 
Fig. 276.— Calyx, c c, of PotentiUa verna, "with its f^calyx or caliculus. h 6. 
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ripens, it is shown to consist of hairs rolled inwards, which expand go 
as to wall the fruit. 



3()6. The caljrx sometimes falls off before the flower expands, as in 
Poppies, and is cadmous ; or along with the corolla, as in &muncnlus, 
and is ikciduons ; or it remains after flowering, as in Labiatfle, Scrophu- 
lariaceaj, and Boraginaceaft ; or its base only is persistent, a^s in Datura 
Stramonium. In Eschseholtzia and EucJilyptus, the parts of the calyx 
remain united at the upper part, and become disarticulated at the base 
or middle, so as to come off in the form of a lid or funnel. Such a 
calyx is operculate {operadum^ a lid), or calyptrate a cover- 

ing). The existence or non-exLstence of an articulation determines 
the deciduous or persistent nature of the calyx. In the case of Esch- 
scholtzia, the axis seems to bo prolonged so as to form a sort of tube, 
from which the calyx se]>aratc8. In Eucalyp- 
tus, the calyx consists of leaves, the laminae or 
j»etioles of winch are articulated like those of 
the Orange, and the separation between the 
parts occurs at this articulation. 

367. The tube of the cidyx is sometimes 
united to tlie pistil, and enlarges subsequently, 
so {IS to form a part of the fruit, as in the Apple, 

Pear, Pomegranate, Gooseberry, &c. In these 
fruits the limb of the calyx is seen at the apex. 

Sometimes a persistent calyx increases much 
after flowering, without being incorporated with 
the fruit, becoming accrescent (acemeo, to in- 
crease), as in various species ofPhysalis (fig. 280); 


into tho state (if 
ibrtns a iiturow 
featbciy lioiiu 


calyces, tho limbs of whlcli» I, {gradually pass 
f <=• ‘"o of t, 18 united to &e oven-, 

**' *” ''K8. 278, 27», the limb, I, (tonaistlng of numerous Blmjile < 
« gamoswialoiis bracts cut vertically, 
of Catanancho cienilca. 

aits. siSO.— Accrescent calyx, c, connected with the fruit ofPhysalis alkekcngi. 
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at other times it remams in a ’withered or rmrccscent (irtarcesco I 
decay) form ; sometimes it becomes injlated or vesicular. In Trifolium 
fragiferum, the union of the inflated c^yces causes the strawberry-like 
appearance of the head of flowers when in fruit. 

868. CJmwiia. — ^The corolla is the more or less coloured inner floral 
envelope, forming the whorl of leaves between the calyx and the 
stamens. It is generally the most conspicuous whorl. The gay colours 
and ^grant odours of flowers are resident in it. It is present in the 
greater number of Exogens. It is composed of parts which are usually 
disposed in one or more verticiUate rdWs, and which are called 2 '^€tals 
(viretXop, a leaf). The petals sometimes form a continuous spiral with 
the calycine segments, but in general they are disposed in a circle, and 
aLtemate with the sepals. 

369. Petals differ more from leaves than sepals do, and are much 
more nearly allied to the next whorl or the stamens. In some cases, 
however, ^pey are transformed into leaves like the calyx, and occa- 
sionally leaf-buds are developed in their axil. Tliey are seldom green, 
although occasionally this colour is met with, as in some Coba?as, 
H^a viridiflpra, Gronolobus viridiflorus, and Pentatropis spiralis. 
They are gener^y white, red, blue, or yellow, or exhibit some colour 
produced by an intermixture of these. The colouiing matter is con- 
tained in cells, and difS^rs in its nature from the chlorophylle of the 
leaves. As regards their structure, pet^ consist of cellular tissue 
traversed by true spiral vessels, and tliin-walled tubes. In delicate 
flowers, as Convol^us and Anagallis, these vessels are easily seen 
imder the microscope. Petals do not usually present numerous layers 
of cells like the leaves, neither is the epidermis always distinct although 
in some instances it may be detached, especially from the surface next 
the calyx. The cuticle of the petal of a Pelargonium, when viewed 
with a J or inch object glass, shows beautifuj. hexagons, the boun- 
daries of which are ornamented with several inflected loops in the 
sides of the cells. 

870. On the outer surface of petals, corresponding to the lower side 
of leaves, stomata are sometimes found. Petals are generally glabrous 
or smooth ; but, in some instances, hairs are produced on their sur- 
face. Petaline hairs, though sparse and scattered, present occasionally 
the same arrangement as those which occur on the leaves : thus, in 
Bombacese they are stellate. Coloured hairs are seen on the petals 
of Menyanthes, and on the segments of the perianth of the Iris. 
Although petals are usually very thin and delicate in their texture, 
they occasionally become thick and fleshy, as in Stapelia and Raf- 
flesia ; or dry, as in Heaths ; or hard and stiff, as in Xylopia. A petal 
often consists of two portions — the lower narrow, resemblmg the 
petiole of a leaf, and called the ui^is or claw ; the upper broader, like 
the blade of a leaf, and called me Idmna or limb. These parts are 
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seen in tlie petals of the Pink (fig. 281), where o is the claw, and / 
the limb. The claw is often wanting, as in the Kose, and the petals 
are then sessile. Those having a claw are ungui- 
culate. 

371. Petals, properly so. called, belong to Exo- 
genous plants, for in Endogens the flowers consist of 
a perianth or perigone, which is referred to the caly- 

cine envelope. Hence the venation of petals resem- ^ 

blcs that of exogenous leaves. In the claw the ^ 

vessels are approximated, as in the petiole, and in I 

the limb they expand. There may be a median 
vein whence lateral veins go off, at the same or dif- 
ferent heights, forming reticulations; or there may 111 

be several primary veins diverging from the base 2 ^^ ^ 

of the limb, and forming a sort of fan-shaped vena- 
tion. At other times the median vein divides into two. 

372. According to the development of veins, and the growth of 
cellular tissue, petals present varieties similar to those already noticed 
in the case of leaves. Thus the margin is either entire or divided 
into lobes or tc*eth. These teeth sometimes form a regular fnnge 
round the margin, and the petal beconles Jimbriated{JimhrioBj a fringe), as 
in the Pink (fig. 281); or lacimated^ as in Lychnis Flos cuculi ; or crested^ 
as in Polygiila. Tlic median vein is occasionally prolonged beyond 
the siunniit of the petals in the form of a long process, as in Strophan- 
thus hispidus, wliere it extends for seven inches; and at other times it 
ends in a free point or cuspis^ and thus becomes cuspidate ; or the pro- 
longed extremity is folded downwards or inflexed, as in Umbelliferae 
(fig. 282), so that the point approaches to the base. If the median 
vein divides into two, the space between n ^ 

the divisions may be filled up so as to leave /i 
only a slight deficiency, and thus the petal / / 1 ) 

becomes emarginate; or the deficiency may MI \ \\ / // 

he greater, while the limb gradually expands V\\ / 

fi’om below upwards, and its extremity \\\ / ' / 

becomes two-lobed, so that the petal be- // 7 ^ 

comes ohcordaU. If the separation extends IJ f 
to the middle, it is bifid; if to near the oil/ 

base, bipartite^ as in Cliickweed (fig. 283 /). ^82 asa 

in the same way as in leaves, the venation of the petals is sometimes 
unequal, and the cellular tissue is developed more on one side than 
on the other, thus giving rise to an oblique petal. 

Fig. 281.— An unguiculate petal of Dlanthns monspcssulanus. Unguis or clav'. 2; Limb 
Wiiieli is fimbriated, or has a mnged margin. 

lig. 282.— A petal of Eryngium camjaistre, with the apex inflected or turned down towards 
the base. 

nfe ^la‘~^~^ bipartite petal of Alsine Media, or common Chickweed. ly The limb split into two 
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378- According as the veins proceed in a straight or curved direc- 
tion, so may the limb of the pet^ be flat or concave, or hollowed like 
a boat, cymbiform or navicular {cymba^ a boat, and Tuwis, a ship), or 
like a spoon, coclfOmriform (cochleare^ a spoon). In the case of the 
navicuW petal, the median vein forms a marked keel. In Hellebore, 
the petals become folded in a tubular form, resembling a horn; in 

Aconite (fig. 284), some of the 
petals, resemble a hollow 
curved horn, supported on a 
grooved stalk, while in Colum- 
bine (fig. 285), Violet, Snap- 
dragon, and Centranthus, one 
or all of them are prolonged 
in the form of a spur, and are 
calcarate (calcar^ a spur). In 
Valeriana, Antirrhinum, and 
Corydalis, the sj^ur is vcr\" 
short, and the corolla or petal 
is said to be gibbous (gibbus^ a 
bunch or swelling), or sarvate 
at the base. In some Bora- 
ginaceoe (fig. 297), there are 
foldings at the upper part of 
the tube of the corolla, r, aius- 
ing hollow projections, open 
on the outside, which might be considered as small internal spurs. 

374, When a i)etal continues narrow, as if formed by a prolonga- 
tion of the claw, it is called Umar; when the limb is prolonged below, 
so as to form two rounded lobes, it is cordate^ as in the petal of Genista, 
candicans (fig. 286), and when the lobes are acute, it may be sagittate 
or hastate. The meaning of the epithets applied to the forms of petals, 
will be understood by considering those a])plicd to leaves. In general, 
it may be stated, that the terms refer to the limb of the petal, which is 
frequently the only portion developed. In the Poppy, the petals have 
a puckered or corrugated appearance, arising from their delicacy, and 
the mode in which they are folded in ajstivation. Other petals have 
a crisp or wavy margin. 

375. A corolla rarely consists o^" one petal, and when this occurs, 
as in Amorpha, it depends 021 the abortion or non-development of 
(Others. Such a corolla is unipetalous {unus^ one), a term quite distinct 

Fiff. 284. — Part of the flower of Aconltum NapcIlfiR, sliowiiiff two irregular liom>liko petalti, 
supported on grooved stalks, o. These used to he called iiettaries. llie whorl of stamens 
inserted on the thalamus, and sun'ounding the pistil. 

Fig. 285.— Single spurred petal of A«iuilegia vulgaris, or common Columhine, formed hy a 
folding of the margins. 

Fig. 28(>. -Conlate or eordifonn petal of Genista candicans. 0 , Tlic claw. /, The limb. 
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from monopetaloTis (IT 376). In general, the corolla consists of several 
petals, equalling the sepals in number, or being some multiple of 
them. "V^en this is the case, the floral envelopes are said to be sym- 
rmtrical; when, however, by the abortion of some of the petals the 
numbers do not correspond, then the flower becomes unsymmetrical. 
When alluding to the general symmetry of the flower, the various 
changes produced by some petals being imdeveloped will be considered. 
A corolla is dipetahus^ tripetalous, tetrapetalous^ or pentapetalcm^ 
according as it has two, three, four, or five separate petals. 

376. The general name of polypetaUm (croXi)f, many), is given to 

corollas having separate petals, while monopetalxms or gmwpetalous 
(fAQvos, one, and union) is applied to those in which the petals 

are miited. This union generally talces place at the base, and extends 
more or less towards the apex ; m PhyteumA, the petals are united at 
their apices also. In some polypetalous corollas, as that of the Vine, 
in which the petals arc separate at the base, they adhere by their 
apices. That a monopetalous corolla consists of several petals imited, 
is shown in such cases as Phlox ammna, some specimens of which have 
the petals more or less completely disunited, while others exhibit the 
normal fonn of coherent petals. When the petals are equal Jis regards 
their development and size, the, corolla is regular ; when unequal it is 
irregular. Even although the separate petals are oblique, still, if they 
are aU equally so, as in many Malvaceje with twisted sestivation, the 
corolla is regular. The size of the corolla as compared -with the 
calyx, the number, direction, and form of its parts, and tlicir relation 
to the axis of the phint, require attention. * k 

377. ^Vhen a corolla is monopetalous, it ^ \ 
usuidly happens that the claAvs, or the lower ^ 
parts of the petals, are united into a tube 
(figs. 287 i, 288 Avhile the upper parts are 
either free or partially united, so as to form a 
commom limb (fig. 287 l)<, the two portions 
being separated by the faux or throaty which 
often exhibits a distinct contraction or ex- 
pansion. The number of parts forming 
sueli a corolla can be determined by the 
dn isions, as by the nmnber ^of teeth, 

renations, fissures, or partitions; or if, as 
nirely happens, the corolla is entire, by the 
venation. The union may be equal jmiong 
the parts, or some may unite more than 



287.—Rej^ar monopetalous or f^amopetalous tubular corolla of Spiijclin nuirylandiea. 
^ ^ Tube of tlic corolla. /, Liml) of the coroUa. Summit of style au<l stigma. 

tie. 288.--Irregular gamopctulous or monopetalous corolla of Digitalis purpurea, or Foxglove, 
c, Calyx. j», Corolla. Tube. Z, Umb. 
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Others, leaving gaps between the united portions. Sometimes the 
tubular portion is bent, as in Lycopsis ; at other times the limb is 
curved at its apex, as in Lamium. 

378. Begniar Poijrpctaiou* Corollas. — ^Among them may be noticed 
the rosaceous corolla, in which there are five spreading petals, having 
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no claws, and arranged as in the single Rose (fig. 289) and Potentilla; 
the caryophyllmeom corolla, in which there are five petals with long 

narrow tapering claws, as in many 
of the Pink tribe (figs. 290, 281) ; 
the aldnaceom^ where the claw is 
less narrow, and there are distinct 
spaces between the petals, as in some 
species of Chickweed; cmaforni^ 
having four petJils, often unguiculate, 
placed opposite in the form of a 
cross, as seen in Wallflower (fig. 
291), and other plants called crud- 
fergiLS {crux^ a cross, and fero^ to bear). 

379. ifTcuulitr Polypetalous Corolian. — ^The most marked of these 
is the pa^ilimvaceous (fig. 292), in wliich there are five petals; one 
superior (or posterior), turned next to the axis, usually larger than the 
rest, e, and folded over them in ©stiyation, called the veodUum or stan- 
dard; two lateral, a, the alee or wings; two inferior (or anteridf), partially 

Flff. 989.— Polypetalotis flower of Rosa rubiglnosa, or the Sweet-brier. &, Bract or floral leaf. 
e tt Tahe of calyx, which forms the conspicuous part of what is commonly called tlie fhut. 
c /, cf, c.f, cf, Sepals or foliola of the calyx, pppp^ Petals, without a daw. e, Stamens attached 
to the calyx. 

Fig. 290.— Polypefcalous flower of Dianthus monspessulanus. b, Bracta c, Calyx, p p^ Petals 
with their daws, o, approximated so as to form a tube. 

Fig. 291.— Cruciferous flower of Cherianthus Cheiri, or Wallflower, c, Lobes of the sepals; the 
two external sepals being prolonged inferiorly, so as to form a soi-t of ^ur or swelling, p p^ The 
four petals arranged like a cross, e, The four longer stamens, the summits of the anthers being 
viaibie. 
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or completely covered by the alse, and often united slightly by their 
lower margins, so as to form a single keel-like piece, h, called carim, 
or keel, which embraces the essential organs. This 
corolla occurs in the Leguminous plants of Bri- 
tain, or those plants which have flowers like the 
pea. Among the irregular polypetalous corollas 
might be included the orchidaceous, although it is, 
properly speaking, the perianth of an Endogen. 

This' perianth consists of three outer portions 
equivient to the calyx, and three inner alternat- 
ing with them, constituting the petals. The latter 
are often very irregular, some being spurred, 
others hooded, &c. ; and there is always one, called the lahellum or lip, 
which presents a remarkable development, and gives rise to many of 
the anomalous forms exhibited by these flowers. 

380. Begnlar mionopctRloaa or Oamopetalona Corollas. — ^These are 
sometimes campanulate or helUshaped, as in Campanula rotundifolia (fig. 
293); infuridibulifmm or funnel-shaped, when the tube is like an inverted 
cone, and the limb becomes more expanded at the apex, as in Tobacco 
(fig. 294 ;) hypocrateriform or saLver-shiped, when there is a straight 
tube surmounted by a flat spreading limb, as in Primula (fig. 295) ; 
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tubular, having a long cylindrical tube, appearing continuous with the 
limb, as in Spigelia (fig. 287), and Comfrey (fig. 296); rotate or wheel- 

FIff. 292.— Irreffular pol^etalous corolla In tiie ])apilionaceouB flower of Lathynis odoratns, or 
S^^^trpca. c, Calyx, e, Vexillum or standard, a, Two alee or wings. 5, Cui'ina or keel, formed 
of two petals. 

Fiff. 293. — Regular monopetalous or gamopetalous campanulate or l>ell>shapcd corolla of Cam* 
pannla rotundifolia. c, Calyx. Limb of corolla. «, Stigma, 

2 ^ 7 -Rcgnlar monopetalous or gamopetalous infundibuliform corolla of Nlcotiana Tabu- 
cum, or Tobacco. The lettera as in fig. 293. 

monopetalous or gamopetalous hypocrateriform conflla of Ibrimula elatior, 
CoroUa. t. Tube. I, Limb. «, Anthers. 

^ig. ^gular gamopetalous tubular corolla of Symphytum officinale, or common Gomfl^y. 
i. cop^a. U, Limb, a; Stigma, r. External depressed surface of folds whi<m 

project mto the tube of the corolla. 
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shaj^d^ when the tube is very short, and the limb flat and spreading, 
as in Myosotis (fig. 297); when the divisions of the rotate corolla aie 
very acute, as in Galium, it is sometimes called ; 

urceoUxte or urn-shaped^ when there is scarcely any limb, and the tube 
is narrow at both ends, and expanded in the middle, as in Erica 
cinerea (fig. 298). Some of these forms may become irregular in 
consequence of certain parts being more developed than others. Thus, 
in Veronica, the rotate corolla has one division much smaller than the 
rest, and in Digitalis there is a slightly irregular campanulate corolla 
(fig. 288), which some have called digitaliform. 
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381. Imgnlar Iflonopetalons or Gamopetalons Corollaii. — ^Among 
these may be remarked the labiate or Upped (fig. 299), having two 
divisions of the limb in the form of what are called lahia or lips 
(fi:om a fancied resemblance to a mouth), the upper one composed 
usually of two pieces, and the lower of three, separated by a hiatus or 
gap, I, In such cases the tube varies in length, and the parts of the 
calyx follow the reverse order in their union, two sepals being united 
in the lower lip, and three- in the upper. When the upper lip of a 
labiate corolla is much arched, and the lips separated by a distinct 
gap, it is called ringent {ringor, to grin). Tlie Labiate corolla charac- 
terizes the natural order Labiate. In Lobelia, there is a Labiate corolla, 
the upper lip of which becomes convex superiorly, and is split to near 
the base. When the lower lip is pressed against the upper, so as to 
leave only a chmk or rietus between them, the corolla is said to be 
persoruxte or mashed, {perswia^ a mask), as in Frogsmouth, Snapdragon, 
and some other Scrophulariaceae (fig* 300), and the projecting portion. 


Hg. 297.-— Recjilar garaopetalous rotate corolla of Myosotis palustris, or Forget-me-not e. 

projeetton. at the upper part of tbe tube, 

cortlla Of Erica einorea, or ero.^ 

Hg. m— Irregular gamopetalous labiate or lipped corolla of Salvia pratensia c, Calyx. L 
Tube of corolla, f, Limb, forming two lips, having a gap or hiatus between them, a Sununlt of 
style. 

Fig. 800.~Irregi^ gamopetalous personate or masked corolla of Antirrhinum malua or 
FJogsmputh. Crfyx. t. Tube of coroUa, having a gibbosity or swelling, o, at its base. 7 , Umb 
of corolla, g. The faux or mouth closed by a projection of the lower lip, p. 
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of the lower lip is called the palate. In some corollas the two lips 
become hollowed out in a remarkable manner, as in Calceolaria, assum- 
ing a slipper-like appearance, similar to what occurs in the labeUum 
of some Orchids, as Cypripedium. Such calceolate (cakeohis^ a slipper) 
corollas, may be considered as consisting of two slipper-like lips. 

382. When a tubular corolla is sjdit in such a way as to form a strap- 
like process on one side with several tooth-like projections at its apex, 
it becomes ligulate (ligula^ a little tongue), or strap- 
shaped (fig. 301). Tliis coroUa occurs in many 
composite plants, as in the florets of Dandelion, 

Daisy, and Chiccory. The number of divisions 
at the apex indicates the number of united petals, 
some of which, howev^, may be abortive. Occa- 
sionally, some of the petals become more united than 
others, and then this corolla assumes a hilahiate or 
two-lipped form. In Conipositai there are often 
two kinds of florets associated in the stime head. 

Thus, in the Daisy, there ixre irregular ligulate 
white florets on the outside or in the ray, while 
there are regular tubular yellow florets in the centre 
or disc. In Scajvola and in Honeysuckle, the corolla 
is split down to its base, so as to resemble somewhat 
the ligulate form. 

383. Nvctnrieii and Anomalie* in Petalii.— ‘Certain 
abiiomial appearances occur in the petals of some 
flowers, which received in former (hiys the name of nectaries. The 
tt'mi nectary was very vaguely applied by Linnrous to any part of 
the flo^ver wdiich presented an unusual aspect, as the 
crown of Narcissus, the processes of the Passion-flower, 

&c. If the name is retained, it ought properly to in- 
clude only those portions which secrete a honey- like 
matter, as the glandular depression at the base of the 
perianth of the Fritfllary (fig. 302 r), or on the petal of 
Ranunculus, or on the stamens of Rutaccse. Somesay that 
in all flowers there is an apparatus for secreting honey 
connected witli the essential organs of the flower, and 
in some way concerned in ferdhiation, and the nouris- 
11 lent of the young seeds. This opinion is particularly 
supported by Vaucher and Bravais. The sap of Zea 
Mais is said to contain much saccharine matter before 
flowering, which ultimately passes to the flower, and 

Rg. 30L—In’cgiilar gamopetalous lignlate floret of Catimancho cterulea. c, Calyx, with a 
(wnquefld limb imltcd infeilorly with the orary, o. e, Stamens with united anthera, a, (tynon- 
w syngenesiom), surrounalng the style, «, with its bifid stigma. 

Fig. 302.-~Ono of the segments , .% of the peilanth of Fritillaria impcrialis, or Crown Impeiial, 
YiSr ^ depression, r, at its base, containing honey-like matter. The cavity is coloured 
mfferentiy from the rest of the jsegment, and It is often called a nectary, or a nectariferouB gland. 
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disappears from the rest of the plant. What have usually, however, 
been called Nectaries, are mere modifications of some part of the flower, 
produced either by degeneration, or by a process of dihmimtim {dk^ 
sep^te, and lamina^ a blade), or chorizatim ^ separate). 

This process, called unUning by Lindley, and deduplication by Henfrey, 
consists in the separation of a layer from the inner side of a petal, 
either presenting a peculiar form, or resembling the pjirt from which 
it is derived. The parts thus produced are not alternate with tlie 
pietals or the segments of the corolla, but opposite to them. In these 
cases, the petals at the lower part consist of one piece, but where 
the limb and claw separate, or where the tube ends, 
the vascular layer splits into two, and thus two 
laminas are formed, posteriorly and anteriorly, one 
of which is generally less developed than the other. 
These dilaminated s^es aafe well seen in Lychnis (fig. 
303 a), Silene, C 3 moglossum, and Ranunculus, and 
may be considered as formed in the same way as the 
ligule of grasses 161). Corollas having these scaly 
appendages, are sometimes denominated appendiculate. 
In other cases, as in Cuscutii, the scales are alternate with 
the petals, and are not traced to dilamination. This 
system of dilamination has been applied by the French 
botanists to all cases in which the parts of whorls be- 
come opposite in place of alternate. Lindley and others, 
however, believing that the law of alternation is th(? 
normal one, refer such cases in general to an abortion 
of a whorl, or to some peculiar arrestment in development, as will be 
shown under the section of Morphology and Symmetry. 

384. In generd, the parts called Nectarias, are to be 




considered as merely modifications of the corolla or 
stamens. Thus, the hom-like nectaries under the 
galeate sepal of Aconite (fig. 284 p\ su*e modified 
petals, so also the tubular nectaries of lleUebore. The 
nectaries of Menyanthes and of Iris, consist of hairs 
developed on the petals. Those of Pamassia (fig. 304 
n), and of the Passion-flower, StapeUa, Asclepias, and 
Canna, are fringes, rays, and processes, which are ap- 
parently modiheatiom of stamens, and some consider 
the crown of Narcissus as consisting of a membrane 
similar to that which unites the stamens in Pancratium. 


It is sometimes difiicult to say whether these nectaries 


FIff. 303.— Petal of Lychnis ftilgens, seen on Its inner side, o, Claw. Limb, a, An appen- 
daiK formed by dllainination or cnorization. This appendage has been caUed a nectary. 

Fig. 304.— Petf^ p, ot Pamassia palustiis, or grass of Parnassus, with a nectary, n, which ap- 
pears to be an abortive state of some of the stamens. 
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tire to be referred to the row of the corolla or of the stamens. The 
paraphyses of the Passion-flower, the crown of Narcissus, and the 
coronet of Stapelia, are referred sometimes to the one and sometimes 
to the other. In general, they may be said to belong to that series 
with which they are immediately connected. Some have attempted 
to give names according to the parts of which they are modifications, 
by prefixing the term para beside, or close to), and spealdng 

of paracorolla and parastmones. 

385. Petals are attached to the axis usually by a narrow base, but 
occasionally the base is larger than the limb, as in the Orange flower. 
When this attachment takes place by an articulation, the petals fall off 
either immediately after expansion (caducom)^ or after fertilization 
(decidumts). A corolla or petals which are continuous with the axis 
and not articulated, as Campanula, Heaths, &c., may be persistent, and 
remain in a withered or marcescent state while the fruit is forming. 
A gamopetalous corolla always falls off in one piece. Sometimes the 
base of the corolla remains persistent, as in Khinanthus and Oro- 
banche. 

386. *iieTeiopinciit of Floral KiiTeioper. — ^Thc floral envelopes, when 
monosepalous and monopetalous, first appear in the form of a ring, 
whence various cellular projections arise, constituting the sepals and 
petals; when they are polysepalous and polypetalous, the ring is 
wanting. Even when the parts become ultimately 
unequid, as in Digitidis (fig. 288), they form cqu^ 
cellular papillas when first developed (fig. 305). 

Bameoud has shown this in the irreguW Ranun- 
culaceaj, Violaceae, Orchidace®, Labiatas, Scrophu- 
lariacc®, Leguminos®, and Polygalace®. 

387. In Begoniace®, the floral envelope at first 
appears as a continuous ring, having five very equal 
small segments; some of these, especially in the 
male flowers, disappear entirely or become atrophied. All the obser- 
vations of Bameoud confirm Decandolle^s statement, that irregular 
flowers are to be referred to reffular types, from which they seem to 
have degenerated. There appear to be three principal kinds of irre- 
gularity among corollas: — 1. Irregularity by simple inequality of 
development of the several segments, often ^ong with adhesion or 
atrophy, or arrest of growth : tliis is the most common kind. 2. Irre- 
Holarity of deviation, when the segments, though equal, turn all to 
the same side, as in hgulate florets. 3. Lregularity by simple meta- 
morphosis of stamina, as in Canna. The irregular corollas of Acan- 
thace®, Bignoniace®, Gesnerace®, Lobeliace®,and Scrophulariace®, are 
formed at first in a regular manner by equal projections from a sort of 

ofUie irregular gamopetalous flower of Digitalis purpurea, cr, Calyx. », Corolla, 
wliicn in its early development Is regular, e, The stamens at first pi^octing beyond uie corolla. 




186 


ESSEXmAL 0E6AN8.«->S3aLmK3. 


cup or ring. Even in Calceolaria, there is at first a scooped-out cup, 
with four regular and very minute teeth, which are ultimatdy developed 
as the corolla; the nascent calyx having also four divisions. 

Inner Floral Whorls, or Ihe Essmtial Organs of Beproduction, 

388. These organs are the stamens and the pistil, the latter contain- 

ing the seeds or germs of young plants, and corresponding to the 
female, while the former produces a powder necessary for fecundation, 
and is looked upon as performing the part of the male. The presence 
of both is required in order that perfect seed may be produced. A 
flower may have a calyx and corol^ and yet be imperfect if the essen- 
tial organs are not present. The name of hermaphrodite is given to 
flowers in which both these organs are found ; that of uniseocual (one 
sex), ,or diclinous) llg, twice, and a bed), to those in which 

only one of these organs appears, — ^those bearing stamens only, being 
staminferous a stamen, and fero, I bear), or male; those 

having the pistil on\.j, pistilliferous {pistillum, a pistil, and fero, I bear), 
or female. 

389. The absence of one of the organs is due to abortion or non- 

development When in the same plant there are unisexual flowers, 
both male and female, the plant is said to be monoecious one, and 
o/x/ov, habitation), as in the Hazel and Cfjstor oil plant; whefi^the male 
and female flowers of a species are found on separate plants, the term 
dioecious (llg, twice) is applied, as in Mercurialis and Hemp ; and when 
a species has male, female, and hermaplirodite flowers on the same or 
different plants, it is polygamous many, and marriage). 

'Ihe term agamous (a privative, and marriage) has sometimes 

been applied to Cryptogamic plants, fi:om the supposed absence of any 
bodies truly representing the stamens and pistil. 

390. Staneiia. — ^The stamens (stamina) arise from the thalamus or 
torus within the petals, forming one or more verticils or whorls, which 
collectively constitute the androecium a male, and oixiov, habita- 
tion), or the male organs of the plant. Their normal position is below 
the inner whorl or the pistil, and when they are so placed (fig. 306 e), 
they are hypogynous (vwo, under, and female or pistil). Some- 
times they become united to the petals or epipeUihus (e^i, upon, and 
4 rf r«XoVi a leaf), and the insertion bf both is looked upon as similar, 
so that they are still hypogynous, provided they are independent of 
the calyx and the pistil. In fig. 307, the stamens, e, and the petals, p, 
are bofii below the pistil or ovary, o, and separate both from it and 
the calyx, c, and are therefore hypogynous; when the stamens are 
inserted on the calyx, that is, become united to it to a greater or less 
h^ht above the base of the pistil, then they become lateral as it were 
in regard to it, and are perigynous (^rs^h around). This is shown in the 
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flower of almond (fig. 808), in wMch the petals, and the stamens, e, 
are imited to the calyx, c, while the pistil is free. When the union 
of the parts of the flower is such that the stamens are inserted upon 



the ovary, they are qngynms (l^i, upon or above). In this case, the 
whorls aie usually so incorporated, that the stamens appear also to 
come from the cdyx. In Aralia spinosa (fig. 309), all the whorls, 
calyx, c, petals, p, and stfimens, e, are united to the pistil, and the two 
latter whorls api)ear to arise from the point 
where the calyx joins the upper part of the 
pistil. These arrangements qf parts have 
given rise to certain divisions in classification, 
to be afterwards particularly noticed.^ De- 
candolle, for instance, applies the term thala- 
miflorce^ to plants liaving the parts of the 
corolla and androecium independent of each 
other, and all the whorls inserted immediately 
into the torus or thalamus ; calyciJUn^cBy to those where tlie petals are 
separate, and the stamens are inserted directly on the calyx ; corolli- 
Jlmw, to those in which the united petals bear the stamens. 



Fi* 306.— Central part of tho flower of Liriodendron tulfpifera, the tulip-tree, composed of 
<- :ui)els, c c, which together form the pistil. Tlicy cover tlie upiKjr part of the axis, a, and below 
them are inserted numerous stameiis, some of which are seen, e «. These stamens arc hypogy- 
nous and extrorse. 

Fig. 307.— Section of a flower of Geranium robertianum. c c. Calyx, p. Petals, e, Stamens. 
Pistil composed of ovary, o, and style ai^ stigmata, s. /, Torus or thalamus. The petals and 
st^ens are liypogynous, and the latter are roonadelplious. 

Fig. 308.— S^on of the flower of the i^ond-tree. The letters indicate the same parts as in 
the lost figure. The petals and stamens ore perigynous. The pistil is fi^e. 

Fig. 809.— Section of the flower of Aralia spinosa. Letters as In last figure. The petals and 
stamens ore epigynous, attached to a large disk, d, which covers the summit of the ovary. The 
ovary is adherent to .tlie calyx, and has been laid open to show Its loculaments and pendulous 
ovulea 
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891. The stamens vary in number, from one to many hundred. 
Like the other parts of the flower, they are modified leaves resembling 
them in their structure, development, and arrangement. They consist 
of cellular and vascular tissue. They appear at first in the form of 
cellular projections, and are arranged in a more or less spiral form. 
In their general aspect they have a greater resemblance to petals than 
to the leaves, and there is often seen a gradual transition from petals 
to stamens. Thus, in Nymphsea alba, or the White Water-lily (fig. 
310, 2), c represents a sepal, which gradually passes into the petals, jt?. 



and these in their turn become modified so as to form the stamens, e, 
which are more or less perfect fis we proceed from without inwards, 
or from 1 to 5. When flowers become double by cultivation, the 
stamens are converted into petals, as in the PoBony, Camellia, Eose, 
Anemone, and Tulip ; and in these instances, the changes from one 
to thc/Other may be traced in the same way as in the Water-lily. 

392. When there is only one whorl, the stamens are usually equal 
in number to the sepals or petals, and are arrmiged opposite to the 
former, and alternate with the latter. The flower is then tsostemonous 
(Urog, equal, and a stamen). When the stamens are not equal 

in number to the sepals or petals, the flower is anisostemonems {dytffog, 
unequal). When there is more than one whorl of stamens, then the 
parts of each successive whorl are alternate with those preceding it. 
The stammal row is more liable to multiplication of parts than the 
outer whorls. If the stamens are dfouble the sepals or petals as regards 
number, the flower is diplostemonous {hvT^oog, double) ; if more than 
double, polystemonom {vnhvg^ many). In general, when the stamens 


Fiff. 810, 1,— Flower of Nyrnphsea alho, or White Water-lily, cccc, The ioicr foliola of the 
calyx or sepals, pppp, TetaU. e, Stamens. Pistil. 

310, s?.— Parts of the flower separated to show the transition from the green sepals of the 
calyx, c, and the white petals of the corolla, p, to the stamens, e. The latter present changes 
from their perfect state, 5, through intermediate forms, 4, 3, and 1, which gradually resemble 
the petals. 
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are normally developed, and are more numerous than the sepals and 
petals, they will be found arranged in several whorls, and their parts 
multiples of the floral envelopes. Thus, if a flower has five sepals, five 
petals, and twenty stamens, the latter are arranged in four alternate 
rows, having five in each. Although this is the usual law, yet various 
changes take place by abortion and arrestment of development. In 
this way the stamens may neither be equal to, nor a multiple of, the 
floral envelopes, and they may even be less numerous, so that the flower 
is mhstemomus {fitetav, less). 

393. In certain cases, as in Primula, the row of stamens is opposite 
to the petals forming the gamopetalous corolla. Tliis opposition is by 
many looked upon as caused by the non-appearance of an outer roAv 
of stamens; by others it is considered as produced by chorization or 
separation of laminai from the petals, which become altered so as to 
form stamens, a view which is thought to be confirmed by their de- 
velopment taking place before the petals; by a third party, each petal 
is looked upon when fully dc'veloped as formed by the halves of two 
contiguous petals, and thus the stamens are considered as being really 
alternate with the original petals. 

394. When the stamens are under twenty, they are called dejinitej 

and the floAver is oligandroiis (oA/yof, few, and male or stamen); 
wlien above twenty, they are hidefmite or polyarulrous many), 

and are marked oo. The number of stamens is indicated by the Greek 
numerals prc'fixed to the term androus: a flower with one stamen be- 
ing miynandrous one); Avith two, diandrmt^ (S/j, tAvice); Avith 

three, triandroits three); Avith four, tetrandrous four); 

with five, pentandrom (^rg^re, five); Avith six, hexandrous (gg, six); with 
seven, Jwptandrom (svrec, seven); Avith eight, octandrom (oxt«, eight); 
Avith nine, emimndrous (gyi/g«, nine); "with ten, decandrous (3g*«, ten); 
with twelve, dodecandrous tAvelve), These terms Avill be 

referred to when treating of the Linnaian system of classification. 

395. A stamen consists of tAvo parts — ^a contracted portion, usually 

thread-like, equmdent to the petiole of the leaf, and termed the Jila- 
uwnt {Jilum, a thread); and a broader portion, representing the folded 
blade of the leaf, temied the andier bdonging to a flower), 

which contains a powdery matter, called pollen. The filament is no 
more essential to the stamen than the petiole is to the leaf, or the claw 
t • the petal. If the a^vther is absent, the stamen is abortive, and can- 
not perform its functions. The anther is developed before the fila- 
inent, and when the latter is not produced the anther is sessile (sessilis^ 
sitting), or has no stalk, as in the Misletoe. 

39(5. Tiie Fiiameaf, when Structurally considered, is found to consist 
of a thin epidermis, on which occasionally stomata and hairs occur, 
and of a layer of cellular tissue enclosing a bundle of spiral vessels, 
which traverses its whole length, and terminates at the union betAveen 
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and the aiithcr. The filaments of Callitaiche verna are 
said to htay^ iia vesBdS. The filament is usually, as its name imports, 
filifofm or ttoead-like,, cylindrical, or slightly tapering towards its 
V summit. It is often,, however, thickened, compressed, and flattened 
in various ways. ' It som^bunes assumes the appearance of a petal, or 
becomes petaUnd {viraTiOP, a leaf or petal, and uhog, form), as in Canna, 
Maranta, Nymphsea alba (fig; 810, 2); occasionally it is sulmkite 
(suMa, an awd), or slightly broadened at the base, and drawn out into 
a point like an awl, as in Butomiis umbellatus; and at 
other times it is clavate {dam, a club), or narrow below 
and broad above, like the club of Hercules, as in Tlialic- 
trum. In place of tapering, it happens, in some in- 
stances, as in Tamarix galhca (fig. 811), Peganum 
Harmala, and Campanula, that the base of the filament 
is dilated much, and ends suddenly in a narrow thread- 
like portion. In these cases, the base may represent 
the sheath or vagina of the petiole, and, like it, may 
give off stipulary processes in a lateral direction. Some- 
times the filament is forked, or divided at the apex into 
branches or teeth. In Allium there fire three teeth, the central one 
of which bears the anther. 

897. The filament varies much in length and in firmness. The 
length bears a relation to that of the pistil, and to the position of the 
flower, whether erect or drooping; the object being to bring the an- 
ther into more or less immediate contact with the upper part of thc^ 
pistil, so as to allow the pollen to be scattered on it. The filament is 
usually of sufficient solidity to support the anther in an erect position; 
but sometimes, iis in Grasses, LittoreUa, and Plantago, it is very deli- 
cate and capillary (capillus^ a hair), or hair-like, so that the antlier is 
pcnduloTis. The ularaent is usually continuous from one end to the 
other, but in some cases it is bent or jointed, becommg geniculate 
(genu, a knee); at other times, as in the Pellitory, it is spiral. It is 
frequently colourless; but, in many instances, it exhibits different 
colours. In Fuchsia and Poiriciana, it is red; in Adamia and Trades- 
cantia virginica, blue; in (Enothera and Ilaimnculus acris, yellow. 

898. Hairs, scales, teeth, or processes of diflerent kinds are some- 
times developed on tlie filament. In Tradescantia virginica, or Spider- 
wort, the hairs are beautifully coloured, and monifiform {monile, a 
necldace) or necklace-like. I'hese hairs exliibit movements of rotation 
(IT 278). Such a filament is bearded or stiipose {stupOj tow). At the 
base of the filament, certain glandular or scaly appendages are occa- 
sionally produced, either on its internal or external surface. These 
may be either parts of a whorl, to be afterwards noticed under the 

Flp:, 311.— Three bat of the ten stamens of Tamarix gallica, united together hy the dilated 
bases of their filaments. 
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name of the Disk, or sepai^te prolongations from, the filament itseli 
In fig. 313, a represents such a staminiferous ^appendage found oii 
the inner side of the base of the filament, / 
which is hence called appendimlaAe^ or some- ‘ £ 
times strumose {struma^ a swelling). The pro- ' M 
cesses noticed in the Boraginacees as modified B* 
petals (fig. 312 a), may be considered external /9 u . 
appendages of the filaments, the stamen being ■ I fW 

regarded as the lamina of a petal. / 

399. Filaments arc nsui^y articulated to /||^l J 

the torus, and the stamen falls off after fertili- 
nation; but in Campanula and other plants, 
they are continuous with the torus, and the Ij 

stamen remains persistent, although in a //j/S 

withered state. Certain changes are pro- ^99 
duced in the whorl of stamens by adhesion ^ 

(3f the filaments to a greater or less extent, 

while the anthers remain free; thus, all the filaments of the An- 
(iroecium may unite, forming a tube round the pistil (fig. 307 e), or 
a central bundle ' 


when the pistil is 
abortive (fig. 314, 
1), the stamens be- 
coming monadelpliom 
(^090^, one, and echs7\,- 
brother), as oc- 
curs in Geranium (fig. 
307), Msilva, Hibis- 
cus, and Jatropha 
Curcas (fig. 314, 1); 
or they may unite so 
as to form two bun- 
dles, the stggiiens be- 
ing diadelphom (Bif, 
twice), as inPolygala, 
Fu maria, and Pea; 
in this case the bun- 









!■ iff. 312.— Stamen of IJorugo officinalis. Apijcndiculate filament, a, Appendage prolonged 

ill tne tbmi of a Iioni-like process, f, Ijobes of tlie uiitlier. , , , . 

Fig. 313.— Stamen of Zygophylliun I’abago. /; Filament, comiected witli a broad scaly ap- 

Flg.'SlV.— Male or stamlniferous flower (1), and female or pistilliferous flower (2), of Jatroplm 
Curem c, Calyx, p. Corolla, c, Stamens united by filaments occupying the centre in flower 1, 
In consequence of the sniJ|»res.sion of the pistil. j», Wstll in flower 2, composed of oyary, o, with 
tliree bifid styles at its summit, o, Small glandular api)endages alteniating with the dmslom* 
of the corolla. Above each of the flowers is a diagram representing the order in which the dli- 
ferent parts of the flower are aiTangcd. In diagram 1 are n'presented five parts of tlie calyx, 
five of the corolla, two rows of stamens, five In each. In diagram 2, the stainiiial rows are abor- 
tive, and there ai-e three carpels, forming the pistil, in the centre. 
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dies may be equal or unequal It frequently happens, especially in 
Papilionaceous flowers, that out of ten stamens, nine are united by 
their filaments, while one (the posterior one) is 
free. When filaments form thr^ or more bun- 
dles, the stamens are triadelphous {tpusj three), 
as in Hypericum jegyptiacum (fig. 315), or polya- 
delphous (voXv^, many), as in Luhea paniculata 
(fig. 316, 1), or in Ricinus communis (fig. 317, 
1). The union of the filaments takes place some- 
times at the base only, as in Tamarix gallica (fig. 
311); at other times it extends throughout their 
whole length, so that the bundles assume a 
columnar form. In certain cases, the cohesion 
extends to near the apex, forming what Mirbel 
calls an androphore stamen, and 

I bear), or a column which divides into terminal branches, each 
bearing an anther (fig. 315, /e). Occasionally some filaments are 
united higher up than others, and thus a kind of compound branching 
is produced (fig. 317, 2). In Pancratium, the filaments are united by 
a membrane, which may be considered as corresponding to the cro^vn 
of Narcissus. 




SIG, 1 
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400. Filaments sometimes are united with the pistil, forming a 
columna or column, as in Stylidium, AsclepiadaceaQ, Rafilesia, and Or- 
chidacese. The column is called gynostemium pistil, and ariifAm, 
stamen), and the flowers are denominated gynandrom pistil, and 
male or stamen). a 

Fig. 31^>.— Triadelphous stiiincns of Hypericum sDgyptinniin siuTOunding the pistil, o. //, 
United filaments forming boliunn& e Anthers, free. The outer envelope ,of the flower has 
been removed, the essential organs alone being left. 

Fig, 316.— 1. Flower of Luliea paniculata. ccc c. Segments of calyx, ppy Petals, e c. Sta- 
mens grouped in bundles, which alternate with the petals. Stigma, composed of five parts, 
indicating the union of five carpela 2. One of the staminal bundles magnified, showing all the 
filaments united into a single mass at the base, but separating superiorly, /a, The larger in- 
ternal filaments, each ending In an anther. /«, Tlie shorter outer ones, sterile and abortive. 

Fig. 317.— 1. Male flower of Itieinus communis, or Castor oil plant, consisting of a calyx, c, 
composed of five reflexed sepals, and of stamens, e, united by their filaments so as to form many 
bnnmes, thns being polyadelphous. 2. One of the staminal handles,/, branching above, so as to 
leave the anthers free and separate. 
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401. In the case of certain Achlaxnydeous (If 351) flowers, as 
Euphorbia, with only one stamen developed, there is the appearance 
of a jointed filament bearing one anther. This, however, is not a true 
filament, but a peduncle with a single stamen attached to it, as proved 
by the fact, that in some species of Euphorbia one or more verticils are 
produced at the joint. Thus the so-called anther is in reality a single 
flower supported on a stalk, all the parts being abortive, except a 
solitary stamen. 

402. The j^nther corresponds to the blade of the leaf, and consists 
of lobes or cavities containing minute powdery matter, called pollen^ 
which, when mature, is disdiarged by a fissure or opening of some 
sort. The anther-lobes may be conadered as fonned by the two halves 
of the lamina, their back corresponding to the under surface, and tlieir 
face to the upper surface, united by the midrib, the pollen being cellular 
tissue, and the fissure of the anther taking place at the margin, which, 
however, is often turned towards the face. In this view, the two 
cavities which are found to exist in each lobe, may correspond with 
the upper and under layer of cells, separated by a septum equivalent 
to the fibro-vascular layer of the leaf. Others view the anther as 
formed by each half of the lamina being folded upon itself, so that the 
outer surface of both face and back corresponds to the lower side of 
the leaf, and the septum dividing each cavity into two is formed by 
the upper surfaces of the folded half united. 

403. There is a double covering of the anther — ^the outer, or c.to- 
ihecium outwards, and $yix,lo», a covering), resembles the epider- 
mis, and often presents stomata and projections of difi^rent kinds (fig. 
318 c e); the inner, or mdothecium (hhoif, 
within), is formed by a layer or layers of 
tibro-ceUular tissue (fig. 318 c /), the cells 
of which have a spir^ (fig. 23), annular (fig. 

24), or reticulated (fig. 25) fibre in their in- 
terior. This internal lining varies in thick- 
ness, generally becoming thmner towards the 
part where the anther opens, and there disappears entirely. The 
membrane of the cells is frequently absorbed, so that when the anther 
attains maturity the fibres are alone left, and these by their elasticity 
assist in discharging the pollen. 

404. The anther is developed before the filament, and is always 
sessile in the first instance. It appears in the form of a small cellular 
projection, containing a mass of mudlagmous cells (fig. 319). In the 
progress of growth, certain grooves and markings appear on its sur- 
face, and its interior becomes hollowed out into two marked cavities, 

— ^Transverse section of a portion of the covering of the anther of Cobsea scandens at 
of dehlficenoc. c e, Exothednnif or external layer, ccmslsting of epidermal cells, c/, 
J:.ndotheclum, or inner layer, composed of q}iral cells or inenchyma. 

O 
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containing a mucilaginous matter (figs* 820, 321)* In. these caTities 
odls make their appearance— i^e outer small (figs. 820, 821, c j)), 
forming ultimately the endothecium (fig. 318 cf)\ the interior layer 
forming cells in which the pollen is produced (figs. 820, 321, v,p^. 



319 320 

As the cavities become larger, the layer of cells (figs. 320, 321, c i), 
between the endothecium, c and exothecium, c c, is gradually 
absorbed more or less .completely, forming at first septa in the cavities; 
and ultimately the anther assumes its mature form, consisting of two 
lobes with their membranous coverings (fig. 322, /). 




405. In the young state there are usually four cavities produced, 
two for each anther-lobe, separated by the connective^ and each divided 
by the septum, which sometimes remains permanently complete, and 
thus forms a quadrihcular {qmtuoTj four, and hculm^ a pouch or box), 
or Utrathecdl four, and a sac) anther. The four cavities 

are sometimes placed in apposition, as in Poranthera (fig. 323) and 
Tetratheca jxmcea (fig. 824), and at other times two are placed above 


Flff. 819.~Tran8ver8e section of an anther of Cacurbita Pepo, or Gourd, taken from a bud 
about two millimetres, or l-12tli of an English inch, in length. 

Fig 820. — Similar horicontol section from a bud in a more advanced state, c e, Outer layer 
ofcdlules (^arotAeeium) forming the epidermis, ei, Intermediate layer of ceUnies in several 
layers, most of which are ultimately absorbed, e n, Internal layer of cells (Endot^um)» vp^ 
Anther-caTlties filled with large cells, which constftnte the first state of the ^Uen-utrldea 

Fig. 821.~SlmilaT section in a still more advanced state. The letters have the same meaning 
as in the last figure. 

Fig. 329.— Anther of the Almond-tree. Seen in front. " Seen behind. //, Filament at- 
tached to the connective, c, by a point 1 1, Anther-lobes containing pollen. 
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and two below, as in Persea gratissima (fig. 325 I t). In general, 
however, only two cavities remain in the anther, in consequence of the 
more or less complete removal of the sqptum, in which case the anther 
is said to be bilocular (his^ twice), ot^dithecal twice), as seen in 
figs. 322, 326. Sometimes the anther has a single cavity, and becomes 
unilocular (unus, one)) or monothecal one), by the abortion of 



one of its lobes, as in Styphelia lasta (fig. 327), and Althaea officinalis 
(fig. 328). Occasionally, there are numerous cavities in the anther, as 
in Yiscum and Eaiflesia. The number of loculi or cavities is only seen 
when the anther opens. 

40G. The form of the anther-lobes varies. They ^e generally of 
a more or less oval or elliptical form (figs. 322, 829 t). Sometimes 
they are globular, as in Mcrcurialis annua (fig. 326) ; sA other times 
linear or clavate (fig, 330), curved (fig. 331), flexuose, sinuose, or 
anfractuose (anjractus, winding), as in Bryony and Gourd (fig. 332). 
The lobes of the anther are sometimes in contact throughout their 
whole length (fig, 329), at other times they are separate (fi^. 326, 
333). In the former case their extremities may be rounded, forming 
a cordate anther (fig. 322), or the apex may be acute (figs. 312, 

Fig. 323 — Quadrilocular anther, /, of Poranthera» attached to the filament,/, and opening at 
the munnoit hv four porcH, p. 

Fig. 324.— QuadTUoctLlar anther of Tctratheca Jnncea. 1. The anther entire, vrith its four 
locmaments ending in one opening. 2. Anther cut transversely, showing the Ibur luculamonts. 

llg. 825.— Anther of Persea gratissima, composed four cavities or Toculaments, 1 1, united 
in purs, one above the other, and opening each hy a valve, e. At the base of tlie filament, /, 
glands, g g, which seem to he abortive stamens, 
tig. 326.— Pendulous anther lobes, I /, of Mercuiialis annua, supported on Uie filament, /, and 
united by the connective, c. — » 

Fig. 827.— Unilocular or monothecal anther of Styphelia Iseta, one of the Epacridacese, seen in 
behind, ". /, Filament. I, Antlier. 

■Fig. 328. — Unilocular anther of Althm officinalis, or Marsh mallow. One of the lobes of the 
anther, ; abortive. / Filament. 
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313); in the latter case the lobes may divide at the base only, and 
end in a sagittate or arrow-like manner (fig. 334 1 ) ; or at the apex, 
so as to be UJurcate or forked (fig. 335 p ) ; or quadrifurcaie^ doubly 
forked (fig. 336 /) ; or at both base and apex, so as to be forked at 



S35 896 337 338 339 


each extremity, as in- Grasses (fig. 337). The cavities of the anther 
are occasionally elongated so as to end in points (fig. 336 ^). Some- 
times the lower part of the antherine cavities is obliterated, and they 
degenerate into flattened appends^es (fig. 338 a). It happens at 


Flff. 829.~Adnate or adherent anther of Be^ia inanicata, (qwning hy longitudinal dehiscence. 
7, Anther lobes. /, Filament. 

Fig. 830.~Forked or bifurcate anther, I, of Acalypba alopecuroidea, in the expanded flower. 

Fig. 831.— Same anther in the bud, exhibiting a curved form. 

Hg. 339.— Sinuous anther, I, of Bryonia dioica. /, Filameflt. 

Fig. S3S.— Anther of Salvia offleinidis. 1/, FertKe lobe fiill of pollen. 7 a, Barren lobe without 
pollen, c, Distractile connective. 

334.— Anther of Nerium Oleander, with its lobes, 1 1, sagittate at the base, and ending at 
the apex in a long feathery prolongation. 

Fig. 33&— Anther, 2, of Vaccinium uliginosum. f, Lobes ending in two pointed extremities, 
whl<m open by porea a, Appendages to the lobes. 

8%.— OuiadrifiaTcate anther of Gualtherla procumbena 2, Lobes ending in four iK>inta 

Fig. 337.— versatile anther of Foa compressa. /, Filament. 2, Lobes separating at each end. 

Fig. 338.— Anther, I, of Erica dnerea. /, FUament. r, lx>bes split p^ially downwarda a, 
Sc«de-lihe prolongations at the base. 

Fig. 839.— Anther of Pterandra pyroldea. 1. Entire anther, seen laterally 2. Lower half 
after having been cut transversdy. a a/ a, Antherine appenda^ 2 2; Anther-lobea c c. Con- 
nective. 
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times that the surface of the anther presents excrescences in the 
form of warts, awl-shaped pointed bodies (fig. 835 a), or crests (fig. 
839 a). 

407. That part of the anther to which the filament is attached, and 
which is gqierally towards the petals, is the hack^ the opposite being 
the face. The division between the lobes is marked on the face of the 
anther by a groove or furrow^ and there is usually on the face, a 
mture^ indicating the line where the membranous coveiings open to 
discharge the pollen. The suture is often towards one side in con- 
sequence of the valves being unequal 

408. The anther-lobes are united either by a direct prolongation of 
the filament, or more generally by a body (^ed the connective^ con- 
sisting of a mass of ceUular tissue difierent firom that contained in the 
filament. In this tissue the spiral vessels of the latter terminate. 
From the connective a partition or septum extends across each antherinc 
loculus, dividing it either partially or completely. The septum some- 
times reaches the suture. When the filament is continuous with the 
connective, and is prolonged so that the anther-lobes appear to be 
united to it throughout their whole length, and lie in apposition and 
on either side of it, the anther is said to be adnate or adherent (fig. 
829); when the filament ends at the base of the anther, 
then the latter is innate or erect. In these cases the anther 
is to a greater or less degree fixed. When, however, 
the attachment is very narrow, and an articulation exists, 
the anthers are then moveable, and easily turned by the 
wind. This is well seen in what are called versatile (vertOy 
I turn) anthers, as in Tritonia, Grasses, &o. (figs. 260, 

837), where the filament is attached only to the middle 
of the connective ; and it may occur also in cases where 
it is attached to the apex, as in pendulous anthers (fig. 

840). 

409. The connective may unite the anther-lobes completely, or only 
partially. It is sometimes veiy short, and is reduced to a mere point 
(fig. 826), so that the lobes are separate or free. At other times it is 
prolonged upwards beyond the lobes in the form of a point, as in 
Acalypha (fig. 331 c) ; or of a feathery awn, as in Nerium, Oleander 
(fig. 334) ; or of a conical or tonrae-hke process (figs. 341, 342 c) ; or 
of a membranous expansion (%. 343 c); or it is extended back- 
wards and downwards, in the form of a spur, as in fig. 343 a; or 
downwards, as in the case of the flaky appendage in Ticorea febiifoga. 
In Salvia officinalis (fig. 333), the connective is attached to the fila- 
ment in a horizontal manner, so as to s^arate the two anther-lobes, 
and then it is called distraciile (cUsy separate, and trahoy I draw). 

Fig. 340.— Pendnlous anfher, I, of Pyrola rotnndliblla. The anther is Boqiended ftom the 
Bummlt of the fllauient,/, and opena at its apex by two pores, jf. 
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In Stachys, tihe connective is expanded laterally, so w to unite the 
bases of the antherine lobes, and bring them into a horizontal line. 



410. The opening of the anthers to discharge their contents is 
denominated dehiscence (dekisco^ I open). This takes place either by 
clefts, by hinges, or by potes. When the anther-lobes are erect, the 
deft takes place lengthwise along the line of the suture, constituting 
longitudinal dehiscenJce (figs. 322, 329, 342). At other times, the slit 
takes place in a horizontal manner, from the connective to the side, as 
in AlchemiUa arvensis, and in Lemna, where the dehiscence is tram-- 
verse. When the anther-lobes are rendered horizontal by the enlarge- 
ment of the connective (figs. 828, 344 ag), then what is really longitudinal 
dehiscence may appear to be transverse. In other 
cases (fig. 344 a < 7 ), when the lobes are united 
at the base, the fissure in each of them may be 
continuous, and the two lobes may appear as one. 

411. The cleft does not always proceed the 
whole length of the anther-lobe at once, but often 
for a time it extends only partially (figs. 343, 2, 
338). In other instances the opening is confined 
to ^e base or apex, each loculament (loculus) 
opening by a single pore, as in Pyrola (fig. 340), 
Yaccinium (fig. 335), and Solanum, where there 
are two, ana Poranthera (fig. 323), where there 
are four. In Tetratheca juncea, the four cavities 
(fig. 324, 2) open into a single pore at the apex (fig. 334, 1 ) ; and in 



e 

Fig. 341 — Anther of Humiria halsamlfera 1 Anther lobes. /, Filament, ciliated or fringed 
with glandular teeth, e. Conical appendage, which seems to he a prolongation of the connective. 

Fig. 342.— Anther of Byrsonima bicomiculata. /, Filament 1. Aniher4obe8. The emp^ 
lobes at the snmmlt are detached in the form of two small hom-like projectionB. e, A Ungui- 
fasm or tongoe-like appendiwe prolonged firom the connective. 

FYg. fins . — SeMlle anther of Viola odbrata, or sweet violet 1. Seen in front 2. Seen behind. 
I, Anther-lobos. a. Spur-like appendage from the connective, c, Membranous expansion at 
theapexofanthe^hea 

Fig. 8H,-HCcffaliE of Digitalis pnipurea, cut in order to diow the didynamous stamens (two 
long aMpat 4bort) which are attached to it t Tube. /, Filaments wliich are united to the 
coroUli |h gpid nm along its inner surface, having formed a marked adhesion, a g, Anthers 
ofthe.loii mDeiis. a g, Anthers of the short stamens. 
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the Misletoe, the anther has numerous pores for the discharge of the 
pollen. Another mode of dehiscence is called hinged. In the Barberry, 
each lobe opens by a valve on the outer side of the suture, separately 
rolling up from base to apex ; while in some of tlie Laurel tribe (hg. 
325 v)j there are two such separating valves for each lobe, or four 
in all. This may be called a combination of transverse and hinged 
dehiscence. In some Guttiferss, as Hebradendron cambogioides (the 
Gamboge plant), the anther opens by a lid separa^g from the apex, 
or by what is c^ed circvmscmile {circvm^ around, and scvndo^ to cut) 
dehiscence. In the last-mentioned dehiscence, the anther may be 
considered as formed of jointed leaves like those of the Orange, the 
blades of which separate at the joint. 

412. The anthers open at various periods of flowering ; sometimes 
in the bud, but more commonly when the pistil is fully developed, and 
the flower is expanded. They either open simultaneously or in suc- 
cession. In the latter case, individual stamens may move towards the 
pistil and discharge their contents, as in Pamassia palustris, or the 


outer or the inner stamens may open first, following thus a centn- 
petal or centrifugal order. The anthers are called introrse (rntrormnij 
inwardly), or afiUccs (anticus^ the fore part), when 
they open on the surface next to the centre of the flower jW jV ' 

(fig. 345); they are extrorse (outwardly), or posticcB Al||f m 

(posHcuSj behind), when they open on the outer surfoce ; c/tf 1 1 liym L 
when they open on the sides, as in Iris, and some ftl f || flv 
grasses, they are called laterally dehiscent (fig. 337). 

Sometimes anthers originally introrse, from theirversa- | IE 

tile nature, become extrorse, as in the Passion-flower 

and Oxalis. The attachment of the filament either on 

the outer or inner side, and the position of the anther 

in the young state, assist in determinmg the direction ^ 

of the dehiscence when the anthers open by pores, or are versatile. 


413. The usual colour of anthers is yellow, but they present a great 
variety in this respect. They are red in the Peach, dark purple in the 
Poppy and Tulip, orange in Eschscholtzia, &c. The colour and appear- 
ance of the anthers oflien change after they have discharged their 
fmictions. 


414. Sometimes a flower consuls of a single stamen, as already 
stated in regard to Euphorbia (^ 401). It is said also, that in the 
Coniferae, as in the Fir, and in the Cyc^aceas, the stamens are to be 
regarded as single male flowers, supported on scales ; being either a 
single stamen with bilocular anthers, as in Pinus, or uniloc^ar, as in 
Abies, or several stamens united in an androphore, as in Taxus. 


S^'—Tetradynamotis stamens (two lone mid two sborQ of Cheiranthus ClheirL Top 
of the pednnde. c» Cicatrices left by the sepaw of calyx whi<m have been removed, c g. Two 
p^s ofiong stamens, ep^ The short stamens. /, Toros or thalamus to which the stamens are 
attached. 
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415. Stamens occasionally become sterile by the degeneration or 
non-derelopment of the anthers, which, in consequence of containing 
pollen, are essential for fertilization ; such stamens receive the name of 

stamnodia, or rudimentary stamens. In Scrophularia 
(fig. 346), the fifth stamen, s, appears in the form of a 
scale ; and in many Pentstemons it is reduced to a fila- 
ment with hsSirs, or a shrivdled membrane at the apex. 
In other oases, as in double flowers, the stamens are 
converted into petals. In Persea gratissima (fig. 325), 
two glands, are produced at the base of the filament 
in the form of stamens, the anthers of which are abor- 
tive. Sometimes only one of the anther-lobes becomes 
abortive. In many unilocular anthers, the non- 
development of one lobe is indicated by the lateral 
production of a cellular mass resembling the connec- 
tive. In Salvias, where the connective is distractile, one of the lobes 
only is perfect or fertile (fig. 333 I /), containing pollen, the other (fig. 
333 I s) is imperfectly devdoped and sterile. In Canna, in place of 
one of the lobes, a petaloid appendage is produced. 

416. It has been already stated, that the term nectary has been 
sometimes applied to modified stamens presenting abnormal appear- 
ances. Thus, in Pamassia palustris, the so-^called nectaries are dusters 

of abnormal stamens (fig. 804 7^), united by a mem- 
brane at the base, and ending in glandular bodies 
like anthers. Staminodia were also called nectaries 
(fig. 346 s). ^yPTien treating of the disk,- other modi- 
fications of stamens will be considered. 

417. Tile stamens, in place of being free and sepa- 
rate, may become United by their filaments (If 399). 
They may aliso unite by their anthers, and become 
syngeneswus or synantherous {avvj together, and 
origin, or anther). This union occurs in 

Composite flowers, and in Lobelia, Jasione, Viola, &c. 

418. Stamens vary in length as regards the corolla. Some are 
endosed within the tube of the flower, as in Cinchona, and are called 
mcluded (figs. 287, 288, 344); others are e^^ted^ or extend beyond 
the flower, as in littorella, Plantag^, and Exostemma. Sometimes 
5the stamens in the early state of the flower project beyond the petals, 
and in the progress of growth become included, as in Geranium stria- 
tum (fig. 347). Stamens also vary in their relative lengths as respects 
esLok other. Whei is more than one row or whorl of stamens 
in ^ flower, those ot the outside are sometimes longest, as in Rosacecc 



S«7 



lElg: d4S,— Irregnlar corolla of Serophiilaria with a staminodium, «, or abortive stamen in the 
ibnii-«faacal& 

Fia. ,M7.— Bud of polypctahiUK coi'olla of Geranium striatum, exhibiting the stamens, e c, at 
Snst longer than the petals, p p. 



ESSENTIAL ORGANS. ^POLLEN. 


201 * 


(fig, 308) ; at other times those in the interior, as in Luhea (fig. 316, 
2/ a). When the stamens are in two rows, those opposite tlie petdts 
are usually shorter than those which alternate with the petals. 

419. It sometimes happens that .a single stamen is longer than all 

the rest. In some cases there exists a definite relation, as regards 
number, bgstwecn the long and the short stamens. ^ Thus, some flowers 
aie didyn^Mm (2i;, twic^ ai^d po^^er or superioiity), having 

only four out of 6vc stsuu^s developed, and, the two corresponding to 
the upper Ip^t of the Sower longer than the4wd ^teral ones. This 
occurs in LabiatcB and Scrophulmiacefle (figs. 344, 346.) Again, in 
other cases fhefe^ are six stamens, whereof fo^ long ones are arranged 
in pairs opposite to each other, and alternate with two isolated short 
ones (fig. 345), and give rise to i^twlyruimms four, and 

power or superiority) flowers, as in Crucifer®. 

420. Stamens, as regards their direction, may be erect, turned in- 
wards, outwards, or to one side. In the last-mentioned case they are 
called declinate (declino^ I bend to one side), as in Amaryllis, Horse- 
chestnut, and Fraxinella. 

421. The Pollen* — ^The PoUen or powdery matter contained in 
the'anther, consists of small cells 
developed in the inteiior of 
other cells. The cavities formed 
in the anther (fig. 321), Jirc sur- 
rounded by a fibro-cellular en- 
velope, c p, and within this are 
produced larger cells, u con- 
taining a granular mass (fig. 348, 

I ), which divides into four min- 
ute cells (fig. 348, 2), aroimd 
which a membrane is developed, 
so that the original cell, or the 
parent becomes re- 

solved by a merismatic division 
(IT 24) into four parts (fig. 348, 

3), each of which forms a gra nule 
of pollen. The four cells continue 
to increase (fig. 348, 4), distend- 
ing the parent cell, and ulti- 
mately causingits absorption and 3^8 

disappearance. They then assume tlie form of perfect pollen-grains, 

Hg. 848. — Development of the pollen of Vlnram albiun^ or the Mialetoe. 1. 1 
^^th OTonulax matter. 2. Four nuclei prodm-od in I 
dejmration mto four maaees, e^ih correiqiQnding to a nucleus or a new utricle, 
pollinary utricle containing three separate vesicles In its interior. 8. Two of th 
yoimg pollen -grains, removed from the mother-cell or utricle. 0. The grains of 
pcifoct state. 


VO pollen-cells 
lis matter. 8. 

4. PoU^dc tv 

Mdlen In Up y ’-v 

r-V. «?¥ 
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wd eitlier reniain united . in fours or multiples of four, as in some 
Acuudas, Periploca grasca (fig. 849), and Inga anomala (fig. 354), or 
separate into individual grains (fig. 848, 5), which by degrees be- 
come mature pollen, (figs. 848, 6, 851, 852). In Acacia ringens, there 


349 360 351 352 

are eight pollen-grains united; in Acadia dedpiens, twelve; and in 
Acacia linearis, sixteen. Occasionally the membrane of the parent 
poUen-ceU is not completely absorbed, and traces of it are detected in 
a viscous matter surrounding the pollen-grains, as in Onagrariaceae. 
In Orchidaceous plants, the poUen-grains are united into masses or 
pollima^ by means of viscid matter. In Asclepiadacese (fig. 353), tlje 
poUinia, jo, seems to have a special cellul^ covering, 
derived from a layer of reproductive poUen-cells, 
or firom the endothecium. PoUinia in different 
plants vary from two to eight. Thus, there are 
usually two in Orchis, four in Cattleya, and eight in 
Lselia. The two poUinia in Orchis Morio, accord- 
ing to Amici, contain each about 200 secondaiy 
smaller masses. These small masses, when bruised, 
divide into grains which arc united in fours. In 
Orchids, ea^ of the pollen-masses has a prolonga- 
tion or stalk, called a caudUch {cauduj a tail,) which 
ollen adheres to a prolongation at the base of the 
anther, caUed rostellum (rosteUuniy a beak), by 
means of a viscid tenacious matter secreted by ceUs, and denominated 
retinamla^ {re^ncMMlum^ a band or rein). Ldndley considers the cau- 
dicle as derived from the stigma, and not from the poUinary tissue. 
The term clinaridrum (»x/^i 7 , a bed, and a stamen), is sometimes 
^plied to the part of the column in Orchids, where the stamens are 
situated. 

422. When mature, the poUen-grain is a ceUular body having an ex- 
ternal covering, extine (exto^ to stand out, or on the outside), and an in- 

Fig. 849.— Pollen of Periploca grasca, showing four grains agglutinated together. 

Fig. 350.— Pollen of Inga anomala. The grams united in multiples of four. 

Fig. 851.— Pollen-grain showing the extine covered with small punctuations 

Fig. Si^ju^oUen-grain with the extine covered with granulationa 

of Asd^ias, showing the poUinfa or poUen-massos, /», attached to the 
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temal, intine {mtus, within). Fritzsche states that he has detected in' 
some cases, other two coverings, which he calls intexUne and exmixm* 
They occur between the extine and intine, and are probably formed by 
foldings of these membranes. In some aquatics, 68 Zostera marina, 
ZannicheUia pedunculata, Naias minor, &c., only one covering exists, 
and that is said to be the intine. The extine is a hrm membrane, which 
defines the figure of the pollen-grain, and gives to it. . It is either 

smooth or covered with numerous projections, grantdes^ pomts^ ininute 
hairs, or crested reticul^ons (fig. 356). TbevXMilc^ i$ generally 



yellow, and the surface is often covered with a viscid or oily matter. 
The intine is uniform in different kinds of pollen, thin and transparent, 
and possesses great power of extension. It is said to be the first 
envelope formed, the other being subsequently deposited wlnle en- 
closed in the parent ccU. 

428. Within these coverings a granular semifiuid matter, called 
fomlla, is contained, along with some oily particles, and occasionally 
starch. The fovilla contains small sphe- 
rical granules, sometimes the of 

an inch in diameter (fig. 357), andlarger 
ellipsoidal or elongated corpuscles (fig. 

358), which are said to exhibit move- 
ments under the microscope similar to 
those seen in some Infusoria, and in 
some AlgsB, to be afterwards noticed. 

These movements generally cease long 
beibre maturation, except in Zoste:ij^ marina and scane other plants. 

424. Pollen-grains vary from to of an inch or less in dia- 



Rg. 854.— Pidlen-grain of PWMdflora before bursting, ooo. Opercula or lids formed by the 
which to allow the protrusion of the inttno in the form of pollen^tubes. 
rig. 355.-~Pollen-grain of Cucurbita Pepo. or Gourd, at the moment of its dehiscence or mp- 
o o, Opercula or lids separated from the extine by theprotnudon of the pollen-tabes^ 1 4 
Fig. ^.—Pollen-grain of Ipomoea, with a reticulated extlne. 

, the intine or internal membrane of which is pro- 



ru ** Is discharged 

Fig. 358.— lArge granules of fovilla of Hihiacas 


uany ampullae or sacs, ttt. One of these is open at 
rovilla,/. composed of rarlonsly-sized gianutes. 

KOB pidustris. 
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meter. Their form is much diTersified. The most common form is 
ellipsoidal (figs. 3fi8, 359), xnore or less narrow at the extremities, 
whidi are caWed its poles, in contradistinction to a line at e, equidistant 
from either extremity, and which is its equator. Li figs. 359, 360, 
1 and 2, the two surfaces of the pollen-grains of Alhum fistulo- 
sum and Convolvulus tricolor are represented with their poles, p, 
their equator, e, and the lon^tudinal folds in their membrane; 




361 



362 363 



while at 3, are shown transverse sections at the equators, with a 
single fold in one case, and three folds in the other. Pollen-grains 
are also of a S^ericail, triangular, trigonal (fig. 362), or polyhedral 
figure (fig. 364). In the latter case, when there are markings on their 
sur&ce, the poles, p, sometimes difier from those at the equa- 

tor, e. In Tradescantia virginica, the pollen is cylindrical, and becomes 
curved ; it is polyhedral in DipsacesB and Compositse ; nearly trian- 
gular in Proteacese and OnagrariacesB. The surface of the pollen- 
grain is either uniform and homogeneous, or it is marked by folds 
dipping in towards the centre, and formed by thinnings of the mem- 
brane. In Endogenous plants there is usually a single fold (fig. 359); 


ng. 369.— Pollen of Allium flstalosnm. p, Pole, e, Equator. 3. Pollen-groin seen on the face. 
9. On the oimoslte side or haek. 3, Transverse section through its equatorial line. 

Fig. 86a— Pollen of Gonvolvulus tricolor. The letters and numbers have the same signification 
a8infl^869. 

Fig. 86L— Orain of pollen of’Cannahls sativa, or common Hemp, e, Equator, p p, Polea 

Fig 862L— Pollen-grain of CEnothera biennis entire, with three angles, where tubes are pro- 
duced. 

Fig 863L-«rThe same, with one of its angles gi^g origin to a pollen-tube, whicdi is formed by 
tbe mtine. . When the tube protmdes, the extine is raptured. 

Fig SOir— Polyhedral pollen-grain of Gichorium Intybna, or Ghiccory. 
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in Exogens, often three (fig. 360). Two, four, six, and even twelve 
folds are also met with. 

425. There are also pores or ronnded portions of the membrane 
visible in the pollen-grain. These vary in number from one to fifty. 
In Endogens, as in Grasses, there is often only 
one (ftg. 365); while in Exogens, they number 
from three upwards. When numerous, the 
pores are either scattered irregularly (fig. 366), 
or in a regular order, frequently forming a 
circle round the equatorial surface (fig. 361). 

Sometimes at the place where the pores exist, 
the outer membrane, in place of being thin and 
transparent, is separated in the form of a lid, 
thus becoming opercalate (operculum^ a Hd), as 
in the Passion-flower (fig. 354) and Gourd (fig. 

355). Grains of pollen have sometimes bo3i 
folds and pores. There may be a single pore 
in each fold, either in the middle (fig. 367), or 
at the extremities; or folds with pores may 
alternate with others without pores; or finally, the pores and folds 
may be separate. 

426. The form of the pollen-grains is much altered by the applica- 
tion of moisture. Thus, in fig. 367, 1, the poUen-grain of Lythrum 
SaUcaria, when dry, has an ellipsoid^ form, but when swollen by the 
application of water, it assumes a globular form (fig. 367, 2), This 
change of form is due to endosmose, and depends on the fovilla being 
denser than the water. If the grains are retained in water, the disten- 
sion becomes so great as to rupture the extine irregularly if it is 
homogenous, or to cause projections and final rupture at the folds or 
pores when they exist. The intine, frnm its distensibility, is not so 
liable to rupture, and it is often forced through the ruptured extine, 
or through the pores, in the form of small sac-like projections (figs. 
367, 2, 362). This effect is produced more fully by ad^g a little nitric 
acid to the water. The internal membrane ultimately gives way, and 
allows the granular fovilla to escape (fig. 357 /). If file fluid is ap- 
plied only to one side of the pollen-grain, as when the poUen is applied 
to the pistil, the distension goes on more slowly, and the intine is pro- 
longed outwards like a hernia, and forms an elongated tube called a 
pollen-tube (fig. 363). This tube, at its base, is often covered by the 



Fig. S6r>.— Pollen-grain of Dactylis glomerata, or Cocks-foot grass. 

Kg. ^-Pollen-grain of Fumaria caprenlata. 

r of pollen of Lytlinun SaJicario, showing six folds, three of which are per- 

forated by a pore in their middle, and three altoniating with them have no pores, p />, Poles. 
e e, £qnator. 1. The grain in a d^ state. 2. The grain swollen in water, so as to take a globular 
form and diqilay its folds. The intine or internal membrane begins to protrude through the 
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raptured eztin^ and probably also by some of the coverings mentioned 
by Fritzsdie as intervening between it and the intine. It contains in its 
interior fovillargrannles, and its functions will be particularly noticed 
under fertilization. The number of pollen-tubes which may be pro- 
duced depends on the number of pores. In some poUinia, the number 
of tubes which are found is enormous. Thus, Amici calculates that 
the two pollen-masses of Orchis Morio may give out 120,000 tubes. 

427. In cirfpmaBBiic Plant* there are certain organs which are sup- 
posed by some to be equivalent to stamens. On that account they 
were denominated by Hedwig anihertdiOy by others pollinaria. They 
consist of closed sacs of different forms, rounded, ovate, oblong, clavate, 
flask-like, &c., developed in different parts of the plants, containing a 
number of corpuscles immersed in a mudlaginons fluid, which at a 
certain period of growth are discharged through an opening at the sur- 
face. Sometimes the antheridium is a simple cell, at other times it is 
cbmposed of a nuzub^ of cells, as in H 3 q)num triquetrum (fig. 368, 1). 



368 869 

It either appears on the surface of the plant, or is concealed within its 
tissue. Antheridia are sometimes confined to particular parts of the 
plant, at other times they are more generally diffused. Their contents 
are small utricles or celliiles, varying, like pollen -grains, in the different 


Jig. SG8.— 1. Antheridinm or poUinarlani, o, of a moss called Hypnum triquetrum, at the 
moment when Its apex is rapturing to discharge the contents, /. 2. Four utricles of the contents, 
containing each a phytozoop or moving corpuscle rolled up in a dmular manner, a Single 

Fig. 869.— iT Portion of antheridium or globule of Chara vnlgaria Several septate or par- 
titioned tubes, t, attached to a utricle or vesicle. A mass of similar utricles, forming the bases 
cS a lEffge number of tubes, fills the cavity the antheridium. 2. Extremity of one of these 
tubes, composed of several cellules, in each of which is a phytozoon. One of the phytozoa is 
represented half detached firom the cellule. S. Extremity of a tube from which the phytozoa 
hslfo escaped, with the exception of the termimU cellule. 4. One of the phytozoa separated. 
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orders of cryptogamic plants, and enclosing in place of fovilla, peculiar 
bodies called ph^iozoa (^t;roy, a plant, and an animal) (fig^ 368, 2), 
which are often rolled up in a circular or spiral manner, as in Hq>a> 
ticce and Mosses (fig. 368, 3). These exhibit active movements at 
certain periods of their existence, and resemble in this respect animal- 
cules. In Ohara vulgaris (fig. 369), the antheridium or globule^ as it is 
called, contains cells, 1, from which proceed numerous septate 
a division) tubes, t In each of the divisions of these tubes, 2, there 
is a phytozoon which escapes in a spiral form, leaving the division 
empty, 3, and ultimately becomes unrolled, 4^ exhibiting two vibra- 
tile cilia (ciliumj an eyel^h), to which the movements are referred. 

428. The — ^The term disk is applied to whatever intervenes 

between the stamens and the pistil, and is one of these organs to 
which the name of notary was applied by old authors. It presoits 
great varieties of fonn, such as scaleai glands, hairs, petaloid appen- 
dages, &c., and in the progress of growth it often contains saccharine 
matter, thus becoming truly nectariferous. The degeneration and trans- 
formation of the stamens frequently form the disk. It may consist of 
processes rising from the torus, alternating with the stamens, and thus 
representing an abortive whorl; or it may be opposite to the stamens, 
and then formed by chorization (IT 388), as 
in Crassula rubens (fig. 258 d)* In some 
floweTS, as Jatropha Curcas, in which the sta- 
mens are not developed, their place is occu- 
pied by glandular bodies forming the disk 
(fig. 314, 2, a). In Gesneraceas and Cruci- 
fersB the disk consists of tooth-like scales at 
the base of the stamens (fig. 345, «). The 
parts forming the disk sometimes unite and 
form a glandular ring, as in the Orange ; 
or a dark-red lamina covering the pistil, as 
in PaBonia Moutan (fig. 370 5 ); or a waxy 
lining of the calyx tube, as in the Rose 
(fig. 270 ct)\ or a swelling at the top of the 
ovary, as in Umbelliferie. 

429. The Pistil. — ^The pistil occupies the centre or axis of the 

flow^er, and is surrounded by the stamens and floral envelopes, when 
these are present. It constitutes •the innermost whorl, and is the 
female organ of the plant, which after flowering is changed into the 
fruit, and contains tiie seeds. It sometimes receives the name of 
gymecium pistil, and eVx/ov, habitation). It consists essentially 

of two parts, the ovary or germen^ containing ovules or young seeds, 
and the stigma, a cellidar secreting body, which is either seated im- 

Fig. ^0.<— Biak, of Pseonla Moutan, or Tree Fsaony, covering the ovary, and interpoeed bc^„ 
tween the whorl of Btamena, and the pistil, p. J 
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mediiitdy on the ovary, and is then called sessilef as in the Tulip and 
Poppy, 409 ), or it elevated on a stalk called the interposed 
b^ween &e ovary and stigma. The style is not neccessi^ for the per- 
fectian of the pistiL Sometimes it becomes blended with other parts, 
as with the fil^ents of the . anthers in the column of Orchidaceas. 

436. Like the other organa, the pistil consists of one or more modi- 
fiea^^^leaives, which in this instance are called carpels fiuit). 

1^, analogy of carpels to leaves may be deduced from their similarity 
in texture, and in venation, from the presence of stomata, hairs, and 
glands; &om their resembl^ce to leaves in their nascent state; from 
&eir occasional conversion into thie leaves, as in Lathyrus latiiblius ; 
and from the ovules corresponding in situation to the germs or buds 
found in some leaves, as those of Bryophyllum calycinum. When a 
p&til consists of a single carpel it is simple^ a state usually depending 
on the non-development of olher carpels; when it is composed of 
several carpels, more or less united, it is compound. In the first- 
mentioned case, the terms carpel and pistil are synonymous. Each 
carpel has its own ovary, style (when present), and stigma, and is 
formed by a folded leaf, the upper surface of which is turned inwards 
towards the axis, and the lower outwards; while at its margins are 
developed one or more buds called ovulea. That this is the true nature 
of the. pistil may be jseen by examining the flower of the double- 
flowering Cherry. In it no fruit 
is produced, and the pistil con- 
sists usually of sessile leaves (fig. 
371 ), the limb of each being 
green and folded, with a narrow 
prolongation upwards, s, as if 
from the midrib, w, and ending 
in a thickened portion. When 
the single-flowering Cherry is 
examined, it is found that, in 
place of folded leaves, there is 
a single body (figs. 372 , 373), 
the lower part of which is 
enlarged, forming the ovary, 0, 
and containing a single oi^e, 
27, attached to its walls, with a btodle of vessels, /w, entering it, a 



Ilg. 371.— Carpellaiy leaf of the doable-flowering Cherry. In this plant the pistil is composed 
^stmotly of one or more leaves folded inwards. I, Lamina or Dade of the leaf or carpel. 
Pr<floiU|;8tion of themidrib/n, representing the style, and ending in a circular thickened portion 
em^vu^t to the stigma. 

fig. 87*J.— Pistil or carpel of the single-flowering Cherry in its nonnal state, o, Ovary. 
t. Style. «, Stignut. 

Pig. 373.— The same cat vertically, to show the central cavity of the ovary, 0 , with the ovule, 
snspended from its wall at a point where a handle of nourishing vessels, f », terminates, 
^‘flttyle traversed by a canal, e, which runs firom the stigina, s, to the cavity of the ovaxy. 
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cylindrical prolongation, t, forming the style, and a terminal expansion^ 
the stigma. It will be seen that in this ca^ two carpdlary leaVes' 
have become succulent and have united together, sip as to form a com- 
pound pistil, with a single cavity containing one yotmg seed. 

431. The ovary then represents the limb or lamina of the leaf, and 
is composed of cellular tissue ^h fibrorvascular bundles, and an 
epidermal covering. Tlie cellular tissue, or parenchyma, often be- 
comes much developed, as ^vill be seen particularly when fleshy fruits 
are considered. The outer epidermis corresponds to the lower side of 
tlie leaf, exhibiting stomata, and sometimes hairs ; the inner surface 
represents the upper side of the leaf, being usually very delicate and 
pale, and forming a layer called sometimes epilJislmm upon, and 

tender), which does not exhibit stomata. The vascular bundles 
correspond with the veins of the leaf, and consist of spiral, annular, 
find other vessels. 

432. The Sfyle has usually a cylindrical form, consists of cellular 
and vascidar tissue, and when carefuUy examined is found to be 
traversed by a narrow canal (fig. 373 c), in which there Bxe some 
loose projecting cells (figs. 374, 375), forming what is called the con- 
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duct ing tissue. A transverse section of the style of Crown Imperial 
(fig. 374), shows three vascular bundles, v v v, corresponding to three 
St vies which are united into one, and, p, loose cells in the canal of the 
style. This canal is bounded by celiuW tissue (fig. 375 c c) traversed by 
spiral vessels, v Vy and in its interior, besides the loose cells, pp, there are, 

Fig. 374.— Transverse section of the style of FritlUarla imperialis, or Grown Imperial. The 
style is composed of three milted together, vvv^ Three vascular bundles, each correqiondlng 
to one of the throe styles, p, Papilliu or cellular bodies projecting into the cavity of the canal. 

Fig. 375.— Structure of the canal in the centre of the style of a Campanula, c c, Cellular 
sue fom^u its parietes traversed by tracheae, v. p p, Variously formed ceUa, displaced 
were, and along with other elongated and filamentous ones, // obstructing the canal. ' 








p^od g£ fecundatioii, eloij^ated tabes,/ / which in 
up canal The nai^ conduciksg tissue, is given to that 
canal of the style, <m account of the part which it plays 
aVeying the mfluenee of the pbUen to the ovules, as will be ex- 
^ under ^srtilization. 

f33. Ihe Stigma is a continuation of the cellular tissue in the centre 
of the style, aiid it may be either terminal^ when the canal opens at 
the top only (figs. 378 s, 876, 1% or lateral, when the splitting of the 
canal takes place on one side (fig. 877 s), or on both sides (fig. 878 s s). 
The stigma sometimes extends along the whole length of the style. 
In Orchidaceous plants, it is placed on a part of the column called the 
gynmts iytfsii, pistil, and 1 sit). It is composed of cellular tissue 
more or less lia, and often having projecting cellules in the form of 





papilla (fig. 876, 2), or of hairs (figs. 379, 8, 410 s), and at the 
period of fertilization ending a viscous fiuid, which retains the grains 
of pollen, and causes the protrusion of tubes. 

484. A pistil is usually formed by more than one carpel. The 
carpels may be arranged fike leaves, either at the same of nearly the 
same height in a verticil (%s. 880, 381), or at different heights in a 
spiral cyde (fig. 306 c). When they remain separate and distinct, thus 
showing at once the composition of the pistil, as in Galtha, R^un> 
cuius, Hdlebore, and Butomus (fig. 881), the term apocarpus (dv6, 
separate, and fiiiit) is applied. Thus, in Crassula rubens 

(fig. 258), the pistil consists of ^e verticillate carpels, o, alternating 
with the stam^, e ; and the same arrangement is seen in Zanthoxylon 


Fig. 876 l~-L Stigma, of Daphne Laureola, terminating the style, t. o, Snnunit of the 
ovary. 9. A rnnairportioh of the snrfaSe of the stigma, much magnified to duMv its papillie. 

Fig. 377.— Unilateral stigma, s, of Astmina triloba, t, Style. 

Fig. STSbxi^Bilateral stigma, a «, of Plantago saxatllis. o, Ovary, f, Style. 

Fig. Summit of the style, of Hibiscus palustris, dividing into five branches, -vrhich 

'«n each temnated by a atigma, s «. i. One of these branches highly magnified. 8. Portion 
<.^ ,the«Rrm'.df the sttgma stlU more magnified to shovr its papillae, which ore elongated like 



iraxineum (fig. 380). In the Tulip-tree (fig. 306), die eeparafe car- 
pels, c Cy are numerous, and arranged in a spiral cjde, upon an. elon- 
gated axis or receptacle, lu the Easpberry, the carpels are on a 
conical receptacle ; in the Strawberry, on a swollen succulent one ; and- 
in the Bose (fig. 270 o o), on a concave one, r r, covered by the tube 
of the calyx, c t 



435. When the fruit consists of several rows of carpels on a fiat 
receptacle, the innermost have their margins directed to the centre, 
while those of the outer rows are arranged on the back of the inner 
ones ; if the receptacle is convex, the outer carpels are lowest, as in the 
Strawberry ; if concave, the outer ones are uppermost, as in the Bose. 
At other times the carpels are united, as in the Pear, Arbutus, and 
Chickweed, so that the pistil becomes syrtcarpous {irvy, together or 
united). In Dictaranus Fraxinella (fig. 382), five carpels imite to form 
a compound pistil. In Scilla italica (fig. 259)^ the three carpels form 
only one apparently; but on examination it will be foimd that the 
pistfi consists of three carpels alternating with the three inner stamens. 
The union, however, is not always compete ; it may take place by the 
ovaries alone, while the styles and stigmata remain free, the pisdl being 
then gamogastrous (yee^o^, union, and yuerrv^, ovaiy) ; and in this case, 
when the ovaries form apparently a single body^ this organ receives the 


Fig. 380.— Pifiti] of Zanthoxylon ft^ineum, contesting of fire distinct caipels, supported on a 
^nophore, ff. Each of the ovaries, a, bears a termlnfU style dilated at its extremity into a 
sflimia, 8. The live stigmata remain for a long time adherent by their sides. 

Fig. 38L— 1. Carpels of Butomus umbellatus, consisting of folded leaves arranged in different 
verticOa g. Section of the same, allowing the alternation of the parts of the dower, ll^ree, 
outer leaves of the perianth, o', alternating with tbree^inner ones, p i, three rows of BtameDOb 'V.» 
and e i, and the daipela, c e and c i. 

Fig. 362.— Portion of the pistil of Dictamnus Fraxinella. Two of the five carpels have bM 
Proved in order to diow how the styles, «, produced on tiie inner side of the carpels, ana at 
first distinct, approximate and become united into one. o, Ovaries, two of which in fteot show 
weir dorsal sumce, d; and their lateral surface, 2. At the base of the gynophom^ p, are seen 
the dcatrlces, c, marking the insertion of the calyx, the petals, and the stamens. 
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name of ixmp&wnd ovary ; or the union may take place by the ovaries 
and sMes, vfhile the stigmata are disunited ; or by the ^gmata and ^e 
sunmut of the style only (hg. 380). Yarious intermediate states exist, 
such as partial union of the ovaries, as in the Rue, where they coalesce 
at their b^ ; and partial union of the styles, as in Malvaceae (fig. 383). 
The union is usually most complete at the base ; but in Labiates the 
styles are united throughout their length, and in Apocynaceas and 
A^epiadaceas, the stigmata only. 

436. When the union is incomplete, the number of the parts of 
a compoimd pistil may be determined by the number of styles and 
stigmata (fig. 383 a); when complete, the external venation, the 

grooves on the surface, and the 
internal divisions of the ovary, indi- 
cate the number. When the grooves 
between the carpels are deep, the 
ovary is denominated lobed, being 
one, two, three, four, or five-lobed, 
according to circumstances. In fig. 
383, the nine carpels forming the 
ovary, o, are divided by grooves; 
and in fig. 384, a transverse section 
of the ovary of Fuchsia coccinea, 
shows the four carpels which form 
it. The changes which take place 
in the pistil by adhesion, degeneration, and abortion, are frequently so 
great as to obscure its composition, and to lead to anonfelies in the 
Stemation of parts. Tlie pistil is more liable to changes of this kind 
than any other part of the flower. 

437. The carpels are usually sessile leaves, but sometimes they art^ 
ptetiolate, and theii are elevated above the external whorls. This 
elevation of the pistil may in general, however, be traced to an elon- 
gation of the axis itself, in such a way tliat the carjjels, in place of 
being dispersed over it, arise^ only jfrom its summit. A monstrosity 
often occurs in the Rose (fig. 385), by which the axis is prolonged, 
find bears the carpels, in the form of alternate leaves. Thus, by 
the union of the petioles of the carpels, or by lengthening of the axis, 
the pistil becomes sUpUate (stipes^ a trunk), or supported^ as in the 
Passion-flower, on a stalk (figs. 380, 382 ^), called a gynopJwre 
pistil, and I bear), or dmaphyre (fiiixti, a case). Sometimes tlie 




o, Nine ovaries, united so as to form one. & Column formed 
'are they diverge and separate . Each of the divl- 


J i Alhea. 

near their summit, where t 
I terminated by a stigma, s. 

ontal section of the four-celled {guadrUoatOar or ted'cttheccd) ovary of Fuchsia 
. e c e c, Wan of the' ovary, which is fomod by four carpellaiy leaVea a, Quadran- 
bds to the carpels are united, o. Ovules attached to the inner margin of the 
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axis is produced beyond the ovaries, and the styles become united to 
it, as in GeraniacesB and UmbeUiferee. In this case the prolongation 
is called a carpophore (xtcgT^g, fruit, and (po^sa, 1 
bear). 

4^. The ovules are developed on the inner side 
of the carpel where the two edges of the carpellary 
leaves unite, and they are connected to it by vas- 
cular bundles which proceed from below upwards, 
traverse the carpel, and send a branch to each of 
the ovules. At the same place there is a develop- 
ment of cellular tissue in connection with the con- 
ducting tissue of the style and with the stigma. By 
the union of these tissues is formed the placent^ 
or projection to which the ovules are attached. 

Some restrict the term placenta to the point of 
attachment of a single ovule, and call the union of 
placentas, bearing several ovules, j)lajcentaries or 
pMhxry cords. The part of the cari>el where the 
placenta is formed, is the inner or ventral suture^ cor- 
responding to the margin of the folded carpellaiy 
leaf, while the outer or dorsal suture corresponds to the midrib of the 
carpellary leaf. The placenta is hence sometimes called margined. 
The| placenta is formed on each margin of the carpel, and hence is 
essentially double. This is seen in cases where the margins of the 
carpel do not unite, but remain separate, and consequently two pla- 
centas are formed in place of one. In fig. 886, the two carpels are 
folded, so that their margins meet, and the placenta is apparently 
single; whereas in fig. 387 the margins of each carpel do not meet, 




and the placenta of each is double. Again, in fig. 888, the two carpels, 
after meeting in the centre or axis, a, are reflected outwards towards 
the dorsal stfture, a d, and their margins separate slightly, each being 
jjlacentary and bearing ovules, o. 

439. When the pistil is formed by one carpel, the inner margins 
unite in the axis, and form usually a common marginal placenta. 

Fig. 88&->Sedion of mongirons Rqse, as ilgared at section 824, the axis of which i^rohmged 
oeyoim the flower, and the envelopes removed to show the abortive stamens, r. The car^ 
are attached alternately along the axis in the form of leavea jp. Abortive floral envelopea 
«, Stamens in imperfect flower at the ape£ 

FiM ^ S87, S88.-*HorisoBtal sections of ovaries, composed of two caipellary leaves, the edges 
of whl<m are folded so as to meet in the axle, a, in fig. 887; are reflected Inwards into the lo^- 
laments after meeting in the axis in fig. S88; and do not reach the axis in fig. 387. 







Tius.p^Kse^.xB^ extend ^ng file whde margin of the oyofy as far 
as of the style, or it may be confined to the base or apex 

onlT. '^TThen the pistil is compot^ of seyend separate carpels, or, in . 
other words, is apocarpous, there are generally separate placentas at 
eaph of l^dr margins. . in a syncarpous pistil, on the other hand, the 
c^upds are so united that the ^ges of ea^ of the contiguous ones by 
fiieir union form a septum (septum^ a fence or enclosure), or dmepmeai, 
(^^eph^ 1 separate), and the number of these septa consequently in- 
dicates the number of carpels in the compound pistil. It is obvious 
then that each dissepiment is formed by a double wall or two laminsB; 
that the presence of a septum implies the presence of more than one 
carpel; and that, when carpds are placed side by nde, true dissepi- 
ments must be vertical, and not horizontal. 

440. When the dissepiments extend to the centre or axis, the 
ovary is divided into cavities, cslh or hmlaments (beulns, a box), and 
it may be bilocular, irilocular, quadrilocular, qumqueloculeery or multi-- 
locular, according as it is formed by two, three, four, five, or many 
carpels, eadb. corresponding to a single cell or loculament (fig. 381, 2, 
ce, c t). In these cases the margindl placentas meet in the axis, 
unite so as to form a single central one (fig. 386 a). Some call this 
pkeeatation adile (belonging to the cum), but this term is perhaps pro- 
perly restricted to caSes where the placenta is an actual prolongation 
of the axis. The number of loculinents is equal to that of the dis- 
sepiments. In fig. 384, there is j^own a transverse section of the ovafy 
of Puohsia coccinea, c cc c being its parietes formed by the union of 
four carpellaiT leaves, a the axis united to the parietes by dissepiments, 
land 0 the ovules attached to the placentas at the margin of each carpeL 
When the carpels in a acarpous pistil do not fold inwards completely 
so as to meet in fiie centre, but only partially, so that 
the dissepiments appear as projections on the walls 
of the ovary, then the ovary is uniloculwr (fig. 387), 
and the placentas are pwrieial {parks, a wall). A 
horizontal section of the ovary of J^thneaCentaurium 
y (fig. 389), exhibits a unilocular ovary with parietal 
placentas, p, formed at each of the margins of the 
g \ • carpels which do not meet in the centre. In these 

instances the placentas may be formed the margin 
of the united contiguous leaves, so as to appear single, 
or file margins may not be united, each developing a placenta. From 
fids it will be seen that dissepiments are opposite to placentas, fenned 
by .^,union of the margins of two contiguous carpels, but alternate 
with fibose by the margins of the same carpeL 

'«««» .Bectloa 0^ tho ovary of Exythrsea Oentaniium. - e, Wall or pariaa of the 
leaL The edge on which the placenta is formed, beating tto (mdes^ o. 





441. The carpdkry leavefii may fold mwards yeiy or 

may be applied in a vmvate manner, merdy touching at thdr margbl^ 
the placentas then being parietal, and appearing as lines or thick^* 
ings along the walls. In fig. 390, the pistil of Viola tricolor is repre- 
sented, 1, cut vertically, and, 2, cut transversely, the ovules being 
attached to the walls of the ovary, and the placentas, p, being merely 
thickened portions of the walls. Cases occur, however, in which the, 
placentas are not connected with the walls of the ovary, and form what 
is called a free central placenta. This is seen in many of the Caryo- 
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phyllaceas. Thus, in Cerastium hirsutum (figs. 391, 392), the ovary, 
0 , is composed of five carpels, indicated by the styles, a, but there is 
only one loculament, the placenta, p, being foee in the centre, and the 
ovules, attached to it. ■ “ ; 

442, In CaryophyUacese, however, while the placenta is free in the 
centre, there are often traces foimd at the base of the ovary of the 
remains of septa, as if rupture had taken place; and, in. rare instances, 
ovules are found on the margins. But examples occur of this^^hiS 
of placentation, as in Frimulaceos, Myrsinacese, Santalaceae, and ^heo- 
phrasteao, in which no vestiges of septa or marginal ovules be 
perceived at any period of growth. DuchartPe states that die free 
placenta of PrimulacesB, is totally different from that of Carybphyl- 
laceae. It is always free, and rises in the centre of the ovary, and the 
part uncovered by ovules gradually extends into the style. It is not 
f'rst continuous with the style, and then free; neither is it originally 
marginal, and then free; but it is, according to him, whoUy through- 

Fig. S90.~Fi8tll of Viola tricolor, or Fant^, cat vertically to show the ovtdes, o, attaobed to 
parietea Two rows of ovules are seen, one in front, and the other in profile, p. A thidosned ' 
line on the walls forming the placenta, c, Calyx, d; Ovary. 1. Hooded stigma termliifltfng the 
short sfyle. 2. Horizonml section of the same, p, Placenta, o, Ovulea a, Suture. 

Fig. S91.— .Pisti] of Cerastium hirsutum cut vertically, o, ITnUocular or monotitecal ovaxy. 

Free cmtral placenta, g, Ovulea a, Stylea 

l^g. .892.— The same cut horizontally, and the halves separated So as to diow the .interior of the 
cavity of the ovary, o, with the free central placenta, !>, covered with ovul^ g. . 



OF PLACEBTA. 

organ, and yivw 4 f, production or develop- 
a^c. " ' 

therefore, has been accounted for in two 
l»ragra,.-d^fe^ tojr supposing that the placentas in the early state were 
formed on the margins of carpellaiy leaves, and that in the progress of 
development these leaves separated from them, leaving the placentas 
and ovules free in the centre; or by supposing that the placentas are 
' not mar^ml but axt/e formations, produced by an elongation of the 
axis, the ovules being lateral buds, and the carpels verticiliate leaves, 
united together around the axis. Tlie latter view has been sup- 
. ported by many botanists, and is confirmed by the fact, that in some 
cases the placenta is actually prolonged beyond the carpels. The 
first of these views would apply well to CaryophyllacesB, the second 
to Primulaceas. In the latter case, the only way of explaining the 
appearance on the marginal hj^pothesis, will be by considering the 
placentas as formed from the cai*pels by a process of chorization (T 383), 
and united together in the centre. 

444. Some indeed, as Schleiden and Endlicher, consider the axile 
view of placentation as applicable to all cases, the axis in some cases 
remaasung free and independent, at other times sending prolongations 
alon;^ %e margins of the carpellary leaves, and thus forming the mai*- 

gin^ placentas. The occurrence of placentas 
over the whole inner surface of the caq>els 
or of the dissepiments, as in Nymphaja and 
in Butomus umbellatus (figs. 393, 394); 
also, though very rarely, along the dorsal 
suture, as in Cabomba, or on lines within 
the mar^, as in Orobanche, has been 
supposed to confirm this view. Schleiden 
argues in favour of it, from the case of Ar- 
meria, where there are five carpels and 
a single ovule attached to a cord, which 
arises from the axis, and becomes curved at 
the apex so as to suspend the ovule; also, 
from cases, such as Taxus, where the ovule appears to be naked and 
teiminates a branch. 

445. This theory of placentation, however, cannot be easily applied 
to all cases; and Gray says that it h disproved in cases of monstrosity, 
in which the anther is changed into a carpel, or where one part of' 
the anther is thus transformed and bears oviiles, while the other, 
ak as the filament, remain imchanged. In the case of Luffa 
fam% fibe eniwgled fibres of the carpellary leaves, even in the young 



’ Fin S98| S94.-^e of the carpds of Butomus umbeUatus, or flowering Rush, cut traus- 
ass, ^ foUgltudiiiaBy in 394. I, Loculament or cavity of the carpel o, Ovules. 






state, seem to be connected with perpendicular lines fonnn^g the pla- 
centa. Brongniart mentions a case where the margmal placenta time 
entire, while the axis was prolonged separately, and totaGLy unccm* 
nected with the placenta; he also notices peculiar monstrositieB, which 
seem to prove that, in some cases at least, marginal placentation must 
t^ike place. 

446. Upon the whole, then, it appears that marginal, or, as it is 
often called, carpellaiy placentation generally prevails; that axile 
placentation explains easily cases such as Primulaceee, while such in- 
stances as Caryophyllaceas are explicable on either view. 

447. Occasionally, divisions take place in ovaries which are not 

formed by the edges of contiguous carpels. These are called spurious 
dmcpimmts. They arc often hoiizontfil, and are then 
called phragmata a separation), as in Ca&arto- 

carpus Fistula (fig. 395), where they consist of transverse 
cellular prolongations from the walls of the ovary, only 
developed after fertilization, and therefore more properly 
Jioticed under fruit. At other times they are vertical, as 
in Datura, where the ovary, in place of being two-celled, 
is thus rendered four-ceUed; in Crucilbrse, where the pro- 
longation of the placentas forms a replmn {replmn^ leaf of a 
door) or partition; in Astragalus and Thespesia, where the 
dorsal suture is folded inwards ; and in Diplophnictum, 
where the inner margin of the carpels is reflexed (fig. 388). 

In Cucurbitaceffi, divisions arc formed in ilie ovary, appa- 
rently by peculiar projections sent inwards from curved parietal ‘pla- 
centas. In some cases, horizontal dissepiments arc supposed to be formed 
by the union of carpels situated at (hiferent heights, so that the base 
of one becomes united to the apex of another. In such cases, the 
divisions are true dissepiments formed by carpellary leaves. The 
anomalous divisions in the ovary of the Pomegranate have been thus 
explained. 

448. The ovary is usually of a more or less spherical or curved form, 
sometimes smoo^ and uniform on its surfree, at other times hairy and 
grooved. Tlie grooves, especially when deep, indicate the divisions 
between the carpels, and correspond to the dissepiments. The dorsal 
suture may be marked by a slight projection, or by a superficial groove. 

449. The ovary is either hi the centre of the flower, or it is 
united to the surrounding parts, more especially to the calyx. The 
union may take place completely, so that the calyx is adhermt through-* 
out, and becomes superior while the ovary is inferior^ as in the 

(fig. 396, 0 being the ovary, I the upper part of the adherent eal«)^ 
or it may take plise partially, as in Saxifragaoeas (figs. 397, 398), where 



Fig. S86.— Pistil of Cassia, or ( 
to show the spurious transverse 


rtocai] 


8 Fistula, in an advanced state, cut Jongitodiiwlly 
or phrae^ata. 


and oyabt. 

oia^M pf beQcm^ ha^Hitferkr^ the calyx being hedf-mperior. These 
between the'calyx and the ovaij will be found to be of 
imppitance, as deternunhig the epigynom andjper^mms (Ixi, upon or 
aboYe) wi^i, around, ^d pistil) condition of the stamens. 



• 396 398 399 


Cases of adhesion between the ovary and the calyx, as occur in the Apple, 
Pear, Gooseberry, and Fuchsia (fig. 399), must not be confounded with 
cases such as the Rose (fig. 270), where the tube of the calyx becomes 
enlarged and hollowed so as to cover the carpels. In the former 
case, a transverse section (fig. 399) shows one or several closed locula- 


Mg. 396.— Mower of Cucumis Mdo, or Melon, o, Inferior oyary covered by the adherent calyx. 
ZrLmib ofihe Cfdyx appearing above the ovary, p. Corolla. 

Mfc 897.— Mower ofSaxifiraga Genm, cut vertically to show the ovary, o, adherent for half its 
calyx. <v calyx, which is called half-superior, jp, Petala e, Stamena Styles 

9l— P istil of Hoteia Japonlca, one of the Saxifragaceie, cut vertically in order to tdiow the 
‘ of Its two cavities or loculamente. It is a bilocular or dithecal ovai^. o, Two ovaries 

lated into one, and adherent for half their height to the calyx, c. t, Stylea «, Stigmaa 

^'•SI&tC6iiiSaitoo\wred with ovulea v a Ba se of thePetala 
ii^wSr-Jlo^^ofFaxdisia coednea divided horizontally into two halves through the middle 
ij^g lower hal^ 2, of the ovary has been left untouched, to diow its four cavities 
1 the ovules attached to their internal anglea Mg. 384 diows the same section more 
Wed. The upper half; 1, has been eut vertically, to show the ovules,'^, arranged in 
L Tow^ each, lo^nlament The ciuyk, incorporated with the ovary below, is prolonged above it 
tlieibniii ofa tube, t; and divides at Its sommit into four segments, IL Petals inserted on 
I tpbe of the calyx at the place where it divides into segroenta e, Stamens inserted also on the 
amalL The style rising from the summit of the ovary, and terminated 



ments contaimiig ovules; vrUle in the l»kter, it exhibits one 
open at the top, and separate carpels scattered over the suijhce, ea^ 
having a style and stigma. 

450. Peculiar views have been advocated by Schleiden, who con- 
siders the ovary in some cases as not formed by carpels, but by a 
hollowing out of the axis, at other times by these two modes combined. 
Thus the superior ovary, according to him, is formed of carpellary leaves, 
while the inferior ovary of the. Apple and Pomegranate is composed of 
the expanded summit of the axis, bearing the carpels in its interior ; 
that of Epilobium is fohned firom the stem alone, and that of Saxi- 
frage p4rtly by the peduncle and partly by carpels. 

451. The fttfie proceeds from the summit of the carpel, and may 
be looked upon as a prolongation of it in an upward direction (fig. 
372 t). It is hence called apicilar (apex^ top). It consists not merely of 
the midrib, but of the vascular and cellular tissue of the carpel, along 
with a continuation of the placenta or conducting tissue, which ends 
in the stigma. In some cases, tlie carpellary leaf is folded from above 
downwards, in a hooded manner, so that its apex (as in redinate ver- 
nation, fig. 205 a) approaches more or less to the base. When the 
folding is slight, the style becomes lateral (fig. 382); when to a greater 
extent, the style appears to arise from near the base, as in the Straw- 
berry (fig, 400), or from the base, as in Chrysobalanus Icaoo (fig. 401), 
when it is hasU^, In all these cases the style stiU indicates the organic 
apex of the ovary, although it may not be the apparent ap^ 
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452. The carpel sometimes becomes imbedded in the torus or tba- 
so as to have a projection of the latter on one side; and then, if 
the style is basiLar or later^ it may adhere to this portion of the torus, 
and ajpear to arise from it. This is seen in Labiates (fig. 402), and 
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Bpra^naces (fig. 403), where thfe four carpels, o, are sunk in the 
torus, r, in such a way that the common style, s, formed by the union 
^ of four ba^ar styles, seems to actually a prolonga- 



tion of the torus. When ovaries are thus attached 
round a central prolongation of the torus, continuous 
with a united columnar style, the arrangement is 
called a gynobase pistil, and base). It is 
well developed in Ochnacea3. In Greraniums there is 
a carpophore or prolongation of the torus in the 
form of a long beak, to which the styles are at- 
tached. * 


453. The form of the style is usually cylindrical, more or less filiform 
and simple ; sometimes it is grooved on one side, at other times it is 

fiat, thick, angular, compressed, and even petaloid, as in 
Iris and Canna. In Goodeniaceas it ends in a cup-like ex- 
pansion enclosing the stigma. It may be smooth and covered 
with glands and hairs. Thes& hairs occasionally aid in scat- 
tering the poUen, and are called collecting hairs, as in Gold- 
fiaSia or Huellia In Campanula they appear double and 
retractile. In Aster and other Composita? (fig. 404), there 
are hairs produced on parts of the style, p c, prolonged 
beyond the stigma, s; these hairs, while the part is being 
developed, come into contsict with the pollen and carry 
it up along with them. In Vicia and Lobelia, the hairs 
form often a tuft below the stigma. 

454. The styles of a syncarpous pistil may be either separate or 
united ; when separate, they alternate with the septa. When united 
completely, it is usual to call the style simple (fig. 399) ; when the 
union is partial, then the style is said to be bifid, tr0d, multijid, accord- 
ing as it is two-cleft, three-cleft, many-cleft; or, to speak more correctly, 
according to the mode and extent of the union of two, tlirec, or many 
styles. The style is said to be bipartite, tripartite, or multipartite, when 
the union of two, three, or many styles only extends a short way above 
the apex of the ovary. The style from a single carpel, or from each 
carped of a compound pistil, may also be divided. In fig. 314, 2, each 
divirion of the tricarpellary ovary of Jatropha Gurcas, has a bifurcate 
or forked style, s, and in fig. 405, ihe ovary of Emblica ofiScinalis has 
three styles, each of which is divided twice in a bifurcate mamier, ex- 
hibiting thus a dichotomous division. 

455. The length of the style is determined by the relation which 



FI 9 . 40ai-^Flgtil XriihTicinm Jacqnemcmtlaniim, with one of the oraries removed in fronts 
to dhow the mahn^, In which the ovaries are inserted obliquely on a P 3 rramidiU torus, r, whence 
ihe %le appearstb aritd. endhng in a stigma, * 

■ Fig. 401— Snminlt of the style, of aa Asten separating into two branches, «, each terminated 
by an inverted conn of collecting naira, p c. The stigma, «, is seen below in tlie form of a band 
or line on the inner curvature or the branchea 
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ought to subsist between the position of the stigma and that of Ite 
anthers, so as to allow the prop^ application of the pollen. ^ some 
cases the ova^ passes directly into the st^le, 
as in Digitalis, in other instances th^e is a 
marked transition ih)m one to the other. 

The style may remain ^sistmt, or it may 
^ ofT after fertilization is accomplished, and 
thus be dectduom. 

456. The Stigma is the termination of 
the conducting tissue of the style, and is 
usually in direct communication with the 
placenta. It may, therefore, in most in- 
stances, be considered as the placentiferous 
portion of the carpel prolonged upwards. In 
Armeria and some other pl^ts, this connec- 
tion with the placenta cannot be traced. 

Its position may be either terminal or lateral. The flatter is seen in 
some cases, as Asimina triloba, where it is unilateral (fig. 377), and in 
Plantago saxatOis (fig. 378), where it is bilateral Occasionally, as in 
Tasmannia, it is prolonged dong the whole inner surface of the style. 
In Iris, it is situated on a cleft on the back of the petaloid divisions of 
the style. It consists of loose cellular tissue, and secretes a viscid 
matter which detains the pollen, and causes it to protrude tubes. 
This secreting portion is, strictly speaking, the true stigma, but the 
name is generally applied to all the divisions of the style on which the 
stigmatic apparatus is situated, as in Labiata;. The stigma usually 
iiltematcs with the dissepiments of a syncarpous pistil, or corresponds 
with the cells ; but in some cases, it would appear, that half the stigma 
of one carpel unites with half that of the contiguous carpel, and thus 
the stigma is opposite the dissepiments, or alternates with the cells. 
Tliis appears to be the case in the Poppy, where the stigma of a single 
ctirpel is two-lobed, and the lobes arc opposite the septa. 

457. If the stigma is viewed as essentially a prolongation of the 
placenta, then there is no necessary alternation between it and the 
placenta, both being formed by the.mar^ns of carpellary leaves, which 
in tlie one case are ovuliferous, in the other stigmatiferous. There is 
often a notch in one side of a stigma (as in some Eosacess), indicating 
a] pjirently that it is a double organ like the placenta. To the division 
< *f a compound stigma the terms trifidj (&c., are applied according 
to the number of the divisions. Thus, in Labiatss (fig. 299) and in 
Compositae (figs. 301, 404 s), the stigma is bifid ; in Polemonium, trifid. 
When the divisions are large, they are called lobes, and when flattened 

405.— Female Sower of Embllca ofBcinalis, one of the Euphorhiaoeee.. e, CiUyx.' p p 
PetalR. ^ Membranona tube surrounding the orory. o. Ovary crowned by thr^ styl^ ti each 
being twice bifurcate. 




hm^kef bo that stigmas may be hUobate, tnUAcdfi^ hiUmeIr 
triSia^larj'&Q. 

;; 4^^ It has alrea4y been stated, that the diyisions of the stigma 
mimb^ of carpels which are united together. Thus, in Cam* 
(%. 405 its), the quinquefid or fire-cleO; stigma indicates five 
Wpeis^ the stigmata of which are separate, although the other parts 
■jm united. In Bignoniaces (fig. 406), as well as in Scrophulariaceee 
and Ac^thacess, the two-lobed or bil^ellar stigma indicates a bilo- 
cular ovary* Sometiinbs, however, as in the case of the styles, the 
ata]|ma of a single carpel may divide. It is probable that, in many in- 
stances, what is called bifurcation of the style, is only the ^vision of the 
stigma. In Grammes and Compositse (figs. 301, 404), there is a bhid 
stigina and only one cavity in the ovary. This, however, may be pro- 
,‘bably traced to subsequent abortion of the ovary of one of the carpels. 
The stigma presents various forms. It may be gl6bular, as in Mirabilis 
Jalapa (figs. 376, 407) ; orbicular, as in Arbutus Andrachne (fig. 408); 
umbrelLa-like, as in Sarracenia, where, however, the proper sti^atic 
surface is bdow the points of the large expansion of tl^e apex-cl the 
style; ovoid, as in Fuchsia (fig. 399); hemispherical ; pdyhedral ; 



radiating, as in the Poppy (fig. 409), where the true stigmatic rays 
are attached to a sort of peltate or shidd-like body, which may repre- 
sent depressed or flattened styles. The lobes of which a stigma con- 
sists may be flat or pointed, as in Mimulus and Bignonia (fig. 406); or 
fleshy and blunt, smooth, granular, feathery, as. in many Grasses (fig. 
>410). In Orchidacess, the stigma is placed on the column formed by 
^■ihe union of the styles and filaments. The situation where it occurs 
i|si8 been called gymzus (^ 433). In Asclepiadaceae the stigmas are 
• . ■ 

r 400, W-~Stlgmiia, 8, of Camptmiilarotun^^^ J^tyle. 

4Da<^Bllameriar stimas ol.nigiioida pandorea. The two lamellae are applied naturally 
aMonst eaish other in 1, while In 'i they ore artificially separated. 

Jig. 4^.-^Globii]ar stigma of Mirabllls Jalapa. iS, Style, a, Stigma. 

Fig. 406,-HCllrctilar stl^a, «, and a. style of Arbutus Andradhne. 

Bg. 40a^PiBtll ot Papaver somniiinnixi^ or opium Poppy, o, Ovary. «, Radiating stigmas 

F!lg.41fi.^-ifstnofC^nodonI>adylb^ o. Ovary, a, Feathery Stigmaa 


^ txs ciinrroaAitic . ii^? 

xmited.to the-^ce of the anthers^ ahd along vn^ theta f^rm a sofi^ 
mass (ifig. 353). , 

453. la CiTptoguic PluM there exist org^s called mstUUdia^ 
which have been supposed to perform the function of pistua Th^ 
consist of hollow cavities, like ovaries, to which the names of qfortmffia 
a. spore or seed; and Ayyoe, a vessel), and theccB a sac), 

have l^en given, containing bo^es called ^res, e<}Tdvalent to ovules. 
The spoa’angia or spore-cases ^e sometimes immersed in the substance 
of the plant, as in Biocia glauca (dg. 411, 1); at other times. thej are 
supported on stalks or 8et(B {seta^ a bristle), as in Mosses, jb |far- 
chantia polymorpha, they consist of distinct and separate eq)aaisions, 
having a bottle-like form (fig. 412), the lower part, o, being enlarged, 
containing the spores, and being surrounded by a cellular tube resem- 
bling a cdyx, c. From this ovary-like body there is a prolongation 
wM^ may be considered as a style, t, terminated by a cellular erikurge- 
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ment, Sj which has been compared to a stigma. The styloid prolonga^ 
tion others and disappears when the spores are mature, l^metimeis 
the thecffi, as in Lichens, consist of a club-shaped elongated cell or 
ascus (fig. 418, 1), containing nuclei or cells in its interior, which form 

• 

Mg'. 411. — L Perpendicular aeclion of the frond, / of Biocia glauca, and of tlie iporangiiiin 
1 1 i^re-caae, o, which is imbedded In it «, Narrow process or style by which the sponuaShpa 
communicates with the external sui&ce. 1, Its cavity or loculua «, Young spores still i^ted 
in sets of four in the parent cella r. Cells elongated like roots. 2 One of the cells more highly 
magmfled, with the four spores which it containa Three of -the q>ores are se^ the Inirta 
being concealed by them. 

Pig. 412.~Sponuigium or spoTe^case of Marchantia polymorpha. o, Hollow swdHng contain* 
mg spores, jmd which has been compared to the ovary. <, Narrow process prolongoa upwards, 
resembling a style. «, Termination of this oellnlar process, compare. to the stipna. 
cwuiar covering of the sporangium or spore-case, sarroun<Ung it like a calyx 
% i . ’ ^ of Solorina saccata, a species ;of Idcben, containiiig eight spores, 

imitedinsetsoftwo. 2. Two of these double spores highly magailled. ^ 





tbeie m at other times imited in sets 
2% or of four (fig. 411, 2), or of some multiple 
ere various modifieatlous of sporangia in other 
Thus, itt Fcms, they are often surrounded by 
ifag, ' or by elastic bands, -wlam cause their dehiscence; 
in the (£ara they are called nucules, and present an oval form 
' arrangem^t of tubes. 

The •▼■le. — ^The ovule is the body attached to the placenta, 
aod destined to become the seed. It bears the same relation to the 
daipd that marginal buds do to leaves, and when produced on a free 
eenm placenta, it may be considered as a bud developed on a branch 
foned by the dongated axis. The single ovule contained in the 
msssih of Compositffi and Grasses, may be called a terminal bud 
jsum^nded by a whorl of adhering leaves or carpels, in the axil of 
vdne of which it is produced. In Delphinium datum, Brongniart 
hotaoed carpds bearing ovules, which were sometimes normal, at other 
times mere lobes of the carpellary leaf; and in Aquilegia, I4ndley saw 
ovules transformed into true leaves, pr^uced on either margin of the 
carpel Hendow has seen the ovules of Mignonette become leaves. 
In such cases the vascular bundles of the placenta (piatiUary cords) 
ace fcpaed by the lateral veins of the carpellary leaf. These veins 
pass^^]^ the m^ginal lobes or leaflets wMch rejnresent ovules, and 
Sfem to prove, that the placenta in sudi cases must be truly a 
skad not an a^e, formation. Godron, from observing 
j,;8ays, that in Leguminosse, the pericarp or seed-vessel is 
,,by . the common petiole dilated, the style is probably the 
leaflet, or tendril, or apicuhm, while the ovules represent 
leaflets of the leaf, and are modifications of it. 
i 441 . The ovule is usually contained in an ovary, but in Coiiifera? 

it has no proper ovarian covering, and is called naked. 
& lh^ orders the ovule is produced on the edges, or in the axil of 
sdtered leaves, which do not present a trace of style or stigma. The 
carpellaiy leaves are sometimes so folded as to leave the ovules exposed 
or seni^yde^ a§ in Mignonette. In Leontice thalictroides (blue cohosh), 
the ovules rupture the ovary immediately after flowering, and the 
seeds .^e ei^>o^. So also in species of Ophiopogon, Peliosantlies, 
Stoteria. In the species of Cuphea, the placenta ultimately bursts 
^through the ovary and corolla, «'becoming erect, and bearing the 
esq^osed. ovules. 

; -462. The ovxde is attached to the jflacenta either directly, when it 
. ses^kf or by means of a prolongation called a fmwulus {funis, 

E umbUhal cord, or podosperm (toD;, a foot, and a seed). 

Tidal' becomes much dongated after fertili^tion. The 
a is s<yigtimes called the trophcspenn {r^k^», I nourish). The 
ovule is attached to t^ placenta or cord, is its hose 




orMu9n,the opposite extreimtg^ bemg 

quently turned round in such aVaj aa to approach the 

ovule is sometimes imbedded in the placenta. 

463. In its simplest form, as in the Misktoe, the ovule pre^ts 

as a small cellular projection, which enlarges, assumes an ovoid forti 
(fig. 414), and idtimatdy becomes 
hollowed at the apex (fig* 415 c). 

The cavity thus product is sur- 
rounded by a mass of cells called the 
nuckus^ 71, and is destined to contain 
the embryo plant after the process of 
fertilization has been completed. In 
this embryonal cavity the young plant 
is suspended by a thread-like cellular 
process called suspensor, attached to the summit of the nucleus. Thie 
cavity in some plants is surrounded by the cells of the nucleus ; but, 
in other cases, it becomes lined with a regular ^iihelial (T 431), or thin 
cellular covering, and constitutes the emhryo-^mc^ which is produced 
before fecundation, and contains amnios or mucilaginous matter id 
which the embryo is formed. 

464. The nucleus (fig. 421 n) may remain naked, and form the ovule^ 
as in the Misletoe, Veronieg. hederifolia, Asclepias, dec.; but in most 
plants it becomes surrounded by certain coverings during the progress 
of development. These appear first in tlie form of one efr more celhilaz 
rings at the base, which gradually spread over the surface. In sOine 
cases only one covering is formed, as in Compositaa, Campanulsneas, - 
Walnut &c. Thus, in the latter (fig. 416), the nucleus, ti, is odroed 
by a single envelope, t, which, in the first instance, extends over the 
base, and then spreads over the 
whole surfiice (fig. 417), leaving only 
an opening at the apex. In other j 
instances (fig. 418), the nucleus, 7^, 
besides the single covering (fig. 418, jm 
2, fo’), has another developed sub- 
sequently (fig. 418, 3, te), which ^ 
gradually extends over the first, 
and rdtimately covers it completely. 

TJiere are thus two integuments, an* 
outer and an inner — ^the ktter, according to Schleiden, being first pro- 
duced. Mirbel considers the outer as tlie first formed, and hence has 
called it primine, te, while the inner is denominated secundins, ti. The 




riff. 414.— Ovule of the Midetoe entire. 

riff. 4l5.--Ovale of Misletoe cut to show the embryo-sac, c. and the whole of the rest .of the 
niu^ iiy composed of uuUbnn tissue, and forming a nuiAeus without integumenta 
i<iff. 41^0vale of Jufflans regia, the Walnut t Simple integument n, Ifuclous, tjie ba^e of 

of development 

rig 417.— The same ovule more advanced, in wlilch the nucleus is nearly comidetely covered* 

Q 
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latter Baxnaa ar« ia the present day used by botanists as denominating 
the otiter and inner covering, idthoat reference to their order of 

' development. At the apex 

• 

tii 





418, 1 


418,8 


418,3 


of the nucleus these integu- 
ments leave an opening or 
foramen composed of two 
apertures; that in the pri- 
mine (fig. 418, 3, co?), called 
exostome outside, and 

arouse, mputh), that in the 
secundine (fig. 418, 3, ed), 
endostwie (Mov, within). The 
foramen of the ovule is also called mkroiryh small, and srt/Aji, a 

gate) ; but this name is often restricted to its appearance in the seed after 
fecundation. The length of the canal of the foramen depends on the 
development of the nucleus, as well as the thickness of the integuments. 
The embryo-sac is sometimes prolonged beyond the apex of the nucleus, 
as noticed by Meyen in Phaseolus and Alsine media, and by Griflith in 
Santalum album and Loranthus. Some authors, as Mirbel, consider 
the ovule in reference to the embryo, and speak of five coverings of 
the latter, viz., 1. primine'; 2. secundine; 3, tercine, or the nucleus; 
4. quartine, a temporary cellular layer, which is occasionally formed 
at an after period around 5. quintine, or the embryo-sac. By most 
botanists the nucleus and sac with its two integuments, are mentioned 
as the ordinary structure of the ovule. 

465. All these parts are originally cellular. The nucleus and in- 
tegiahents are united at the base of the ovule by a cellulo-vascular 
membrane, called the chalaza (fig. 421 ch). Tliis is often coloured, of 
a denser texture than the STirrounding tissue, and is traversed by fibro- 
vascular bundles, which come from the placenta, in order to nouiish 
the ovule/ The hilum indicates the organic base of the ovule, while the 
foramen marks its apex. When tlie ovule is so developed that the 
union between the primine, secundine, and nucleus with the chalaza, 
is at the hilum or base (next the placenta), and the foramen is at the 
opposite extremity (figs. 417, 418), the ovule is orthotropal^ orthotro- 
pom or atrepous {op^os* straight, and t^oVoj, mode, or ce, privative, and 
I turn). This is the state of an ovule when it first makes its 
appearance, and occasionally, as iupPolygonacese, it remains permanent 
In such oviiles, a straight line drawn from the hilum to the foramen 
passes through their axes. 


Fig. 4ia— Ovule of Polygonum cymosum at vaiious agea n. Nucleus. The outer integu- 
ment ox; iprlmine. fi, The inner integument or secundine. «.r, Kxostome or opening in the 
primine. eA Endostome or opening hi the seeundiuc. 1 Ovule in the early state, when tlie 
nncleiis is itill naked. 8. Ovule in second stage, when the imcleus is covered at its hasc hy 
integument or seenhdine only. 3. Ovule In the third stage, when the two Integu- 
secimdine, tbnn a double covering, at the apex of which the nucleus still 

appQO]^ 
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466. In general however, changes take pla^ on tlie ovule, so that it 
deviates from the straight line. Thus it may be curved upon itself, iso 
that the foramen approaches to the hilum or placenta, and ultimately is 
placed close to it, while the chalaza is only slightly removed from the 
hilum. This change^epends apparently on the ovule increasing more on 
one side than on the other, and as it were drawing the chalaza slightly 
to one side of the hilum opposite to that^where the foramen is applied. 
Such ovules are called campyhtropal or campyhtropom, {K»fiirv7<og, 
curved), when the portions on either side of the line of curvation 
unequal (fig. 419) ; or ccmptotropal (^ae^xToV, curved), when they arc 

s 


1 2 

419 4120 

equal (fig. 420). Curved ovules are found in Leguminoseo, Cruciferae, 
jiud Caryophyllaceoe. The union between the parts of the curved por- 
tion usually becomes complete, but in some cases there is no union, 
find the ovules are kcotropal^ or horse-§hoe shaped {'hiKog, a hollow 
disk, and rjoVoff, mode or form). 
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•«1, 1 421, 2 421, 3 421, 4 421, 5 

467. Wlien in consequence of the increase on one side, the ovule is 
so changed that its apex or foramen j[fig. 421, 4, w,) is in close apposition 

Fi -y. 419.--Campylotropal or Campy lotropous ovule of tlie Stocfc 1. Ovule entire. 2. Ovule 
( tit lengthwise. /, Funicuhm or umbilical cord, c, Chalassa. n. Nucleus, te, Primlne or outer 
covering, Sccundinc or inner covering, er, Exostoine. Endostoma 

Fig. 420.— Carpel of Menispermum cahadense, with a curved or camptotropal ovule, e. /, 
Funiculus, s. The base of the style. 

Fig. 421.— Ovule of Chelidonium majus at diiferent stages of developmeut A, Hilum or nm • 
hilicua cA, Chalaza. /, Funiculus or umbilical cord, r, Kapha Ndcleus. Secundlna 
Pi-imina ed, Eiidostonia ear, Exostoine. 1. First stage; nucleus stiU naked. 2. Second 
stage: nucleus covered at its base by the secundine. 3. Third stage: the ptimine developed 
and covering the secundine at its base. 4. Fourth stage: the ovule complotdy reflected, aiid 
Its point turned downwards. & The same cat longitudinally, to show the relation of its dUTereni 







so 



^ "Ae tbaiam h also cxtried Toimd 
?* *® tqrtKWte ezti«E% (fig. 4?1, 6, e), then dte ovule 
.oWWttSS lOTcrfeed, ' ana(>y)pa2 Qf.aMtnpMs \iiii»T(tvm, I subvert). 
’** *‘3^6886 (fig. 422), tSieTmion of the ^ahza, cA, with the nucleoi^ 
m,’ is removed from the hilum, and the connection 
between the chalasa and placenta is kept np bj a vas- 
culax cord, pasi^g through the funiculus, and called 
the raphe a line). Ihe raphe often, forms a 

ridge along one dde of the ovule, and it is Usually 
on the side of the ovule next the placenta. Some 
look upon this kind of ovule as formed by an elongated 
funiculus (fig. 42f, 5,/) folded along the side of the 
ovuloj and becoming adherent to it compeletely.; and 
supportHhis view by the case of semi-amtropal ovules, 
where the funiculus is only, as it were, partially 
attached along one side, becoming fi*ee in the middle; and also by cases 
where an anatropal ovule, by the separation of the fiiniculus from its 
sid^ becomes an orthotropal seed. 

4fi8. The anatropous form of the ovule is of very common occurrence, 
^d may probably aid in the process of fertilization. Ovules which are 
at first oAhotropous, as in Chelidonium majus (fig. 421, 2), become 
often anatropous in the progress of development (fig. 421, 4), When 
the ovule is attached to the placenta, so that the hilum is in the middle, 
and the' foramen and chalaza at opposite ends, it becomes transverse, 
amphitropal or heterotropal {dfA<pU around, diverse). 

469,, The nucleus of the ovule becomes hollowed at a particular part 
(fig. 415 c), so as to form a cavity. Mirbel states that the whole nucleus . 
u transformed into a membrane called the teremt^ lining the secundine, 
ind ^at in its interior another covering, the quartme^ and finally, the 
^b^o-sac, are produced. The view, however, generally adopted, is 
that me etabiyn-sac is formed within the nucleus, assuming a greater 
or less size according to circumstances, and in some instances reducing 
the nucleus to a mere external sac. In the interior of the embryo- 
sac, cellular layers are deposited from without inwards, the earlier 
ones probably forming the fugacious quartine of Mirbel. 

470. In the Misletoe there are two or tlmee cmbryo-sacs. The neck 
of the embryoHsac in Veronipa- and Euphrasia becomes elongated and 
swollen,' and fi:om it are developM certain cellular or filamentous 
appendajges, which are probably connected with the nutrition of the 
embiyo. , ^ 

. 471. ' The positidif dr the ovule relative to the ovary varies. When 
thqre a singly ovule, it may be Attached to the placenta at the base 
^f tlje.rDvaiy Xbasal ptacMa)^ following a straight direction, and being 


Her 4iS.--Anatr<^UB on^e of Dan^lioh, cut rertically; eft, Chalaza. r, Kaphe. ^ Nudeus. 




wards, and he inverted or pendulous^ as in Hippuris vulgaris (fig. 425), 
or from a parietal placenta near the summit, and be su^end^ as in 
Daphne Mezereum (fig. 426), Polygalacese, and Euphorbiacese. Some- 
times a long funiculus arises from a basal placenta, reaches the sum- 
mit of the ovary, and suspends the ovule, as in Armeria; at other 
times the hilum or true organic base appears to be in the middle, and 
the ovule becomes horizontal^ peltale {pelta^ a shield), or peritropom 
around, and 1 turn). AH these modifications are influenced 
by the relative position of the hilum and foramen, the length of the 
funiculus, and its adhesion, as well 5 j * 

as the position of the placenta. .dal x 

472, When there are two ovules 
in the same cell, they may be - ■ Hp-ijMij j 

cither collaterals that is, placed side || AmkJ 9 n 
by side (fig. 427), or the one may 

be erect and the other inverted, "uHyR/ 

as in some species of Spiresa and /./ ^^77 ' " 

iEsculus (fig, 428), or they may be » 
placed one above another, each 427 m 

follciwing the same direction. Such is also the case with ovaries oon- 


Fi;?. 423— 426.— Carpels bolenglng to difforoit flowerl, cut verticidly 4Mi0kow the diffiarent 
•V.roctionsof the solit^ ovale, o, contained in them. /, Foniculua r, Raphe^ c, Chalas% 
s Base of the style. 

Fig. 423.— Carpel of Senecio yolg^s, -with .a straight or erect anatroppus ovnla 

Fie. 424.— Carpel of Parletaila omcinalis, peUitory, with an ascending orthotropons ovnle. 

Fig. 425.— Caipel of Hippuris vulgaris, MareVt^ with a reversed «r pendulous anatropous 
ox-tile. ' ' 

Fig. 42a— Carpel of Daphne Mezereum, witlisr suspended aaatropouS' ovule. _ ^ ' . 

Fig. 427.— Carpel of Huttallla cerasoides, vrith two susp^ded ooUatepal evulesi o, One of we 
ovules. /, Funiculua «, The base of the style. 

Fig. 428.— One of the loculamen^ of the ovary of Esenins hybrida, laid open te shoer twar. 
ovules, 0 0 , inserted at the same height, but turned in different wreotions. m m, Mtezuigrle te-, > 
dlcating their apeic. «, Base of the Style. t 



taiD^ a dcMte immber of ovul€9su Hxus, in the ovary 

qC plants (% 429), the ovules o, are attached to the 

6ZtG9Elded margmal placenta, one above the other, forming usually two 

parallel rows corresponding to each 
margin of the carpeL When the 
s ovules are de^nite (uniform and 
can be' counted), it is usual to find 
their attachment so constant as to 
afibrd good characters for natural 
^ orders. When the ovules are vfery 
numerous or mdejinite, while at 
the same time the placenta is not 
much developed, their position ex- 
429 480 * hibits great variety, some being 

directed upwards, others dowhwards, 
others transversely (fig. 430), and their form is altered by pressuiH^ 
into various polyhedrd shapes. In such cases it firequently happens 
that some of the ovules are arrested in their development and become 
abortive. In Gryptogamous plants, in place of ovules there are cellu- 
lar bodies called spores^ to which allusion will be made when the seed 
is considered. 



4 .— FUNCTIONS OF THE FLORAL ENVELOPES. 

478. The bracts and calyx, when of a green colour, perform the 
same ftinctions as leaves, giving off oxygen under the influence of light, 
and producing the carbonized substance called chlorophylle. They 
are consequently concerned in the assimilation of matters fitted for the 
nutrition of the flower, and they aid in protecting the central organs. 
The corolla, along with the thalamus and disk, is concerned rather 
with development than with respiration. Hence it does not in general 
produce chlorophylle, nor does it give off oxygen. It protects the 
essential organs, and eliminates carbonic acid by a process of oxidation. 
The starch granules contained in it, as well as in the thalamus and 
disk, are not altered by the respiratory process, so as to become more 
highly carbonized, but are oxidized, so as to be converted into saccha- 
rine matter, ^e quantity of oxygen absorbed was determined by 
"Saussure., HFfound that double flowers absorbed less in proportion 
to their volume than single flowers; that the essential organs contained 
more oxygen than the floral envelopes; and that the greatest absorp- 
tion to6k place when the stamens and pistil were mature. 
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474. The following ore some of Saassore’s espeitmeots: — 



Name. 

Stock, single, 

Stock, double 

Tuberose, single, 

Tuberose, double, 

Indian Cress, single, 

Indian Cress, double,.... 


Duration dT 
Experiment 

.24 hours. 


Brugmansia arborea, — 

Passiflora serratifolia,... — 
Gourd, male flower...... 10 — 

Gourd, female, 24 — 

Hibiscus speciosus, 12 — 

Hypericum calycinurn,.. 24 — 

Cobasa scandens, — 

Arum italicum, — 

Typha latifolia — 

White lily, — 

Castanea vulgaris, — 


Oxygen Consumed— 

By Howcn eirtin. ^ 0tg«l. 

11*5 times their voL 1 8* times their vol. 

8*5 16*3 

7*25 — 

18*5 ‘ — 

7-6 16* 

5*4 6*8 

7-5 8*5 

6*5 7*5 


475. While this oxidation is going on, carbon is ^ven off in the 
form of carbonic acid, and heat is developed by the combination between 
the oxygen and carbon. Experiments have been performed by La- 
march, Schultz, Huber, Saussure, Brongniart, Vrolflc, and De Vriese, 
as to the amount of heat produced during flowering, especially by 
species of Arum, Caladium, and Colocasia. These are plants in which 
the floral envelopes are nearly absent, while the essential organs, the 
torus and growing point, attain a high degree of development, forming 
a spadix enclosed in a large spatha. No heat could be detected when 
the confikst of oxygen was prevented, either by putting the plants into 
other gases, or by covering the surface of the spadix with oil. The 
surface of the spadix is the part whence the heat was chiefly evolved. 
The Arum cordifoHum occasionally had a temperature 20® or 30® above 
that of the surrounding air; Arum maculatum 17® to 20®; and Arum 
Dracunculus and other species still higher. The following observations 
were made by Brongniart on the spadix of Colocasia odora. The spathe 
opened on the 14th of March; the discharge of pollen commenced on 
the 1 Gth, and continued till the 18th. Ibe maxirnmn temperature 
occurred at different hours. • ^ 


14th March. 
15th — 
16th — 


MaxiTnnm. 

3 P.M. 

4 — 

5 — 


Temperature 
above the Air. 

4*5° Cent. 
10 * 0 ® 

10 * 2 ® 


17th March, 
18th — . 
19th — 


Maximum. 

5 P.M. 
11 A.M. 
10 — 


Temperature 
above tbe Air. 

H*0® Cent. 
8 ^ 2 ® 

2*5® 


476. Vrolik and De Vriese made a series of observations onihe 
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gif results for every half hour. l!lie fol- 



.Temp^tare 
of Plant . 

Temperature 

CfAir. 

Hour. 

Temperature 
of Plant. 

Temperature 

(rfAir. 


20*6o Ceuti 

18*30 Cent. 

3 

2.5*00 Cent. 

1 5’Go Cent 

IS"-';;,.- 

21*1 — ' 

18*7 — 

3-30 

24*4 — 

150 — 

ia-30 

23-3 — 

19*4 — 

4 

23*3 - 

160 — 

1 

24*4 — 

19*4 — 

6 

22*2 — 

18*7 — 

1-30 

24-4 — 

18-9 — 

6 

210 ^ 

18-7 — 

' a 

25-6 — 

17-2 — 

7 

200 — 

18*7 — 

2-30: 

26-5 

15*6 — 


'■ 



The greatest amount of heat observed was at 2-30 p.m., when it was 
10*9® above the temperature of the air. On the previous day the maxi- 
mum occurred at 3 P.M., and on the following day at 1, but tlien it 
was only 8*2^ above that of the air. DecandpUe states that at Mont- 
peher/ Arum itahcum attained the maximum of temperature about 5 
P«1L Saussure observed similar phenomena, but to a less extent, in 
the Gourd, where the temperature varied from 1*8® to 3*6®; also hi 
Bignonia radicans, from 0*9® to 3®. IVom all these experiments, it 
would appear that in the AracesB and some other plants, especially at 
the period when the essential organs reach maturity, there is a produc- 
of heat, which increases during the performance of their functions, 
IP^ning a daily maximum, and ultimately declining. 

477, While these changes are taldng place, the starch is converted 
into dextrine, and ultimately into grape-sugar, which, bemg soluble, 
■can be immediately applied to the purposes of the plant. The honey- 
hke matter thus formed is stored up frequently at the base of the 
jietals, in little pits or nectaries, as in Fritillary, Asarum, &c. It is 
consid^d by Vaucher and others as performing an importanHoffice in 
fertilization, covering the stigma, and aiding in the dispersion and rup- 
ture of the pollen-grains. Bees and other insects, in collecting the 
saccharine matter, also scatter the pollen. 

^478. Flowering takes place usually at a definite period of the plant’s 
esdstence. It requires a considerable amount of nutrienttmatter, and 
its occurrence is accompanied with a greater or less exhaustion of the 
^^assimilated products. Hence, a certain degree of accumulation of sap 
isCjems necessa^in order that flowering may proceed. Annual plants 
iffe so e^austil after flowering as <k> ^e; but, by retarding the epoch 
ffcr itwo or more years, as by nipping off the flower-buds, time is 
^bwed for accum^tmg sap; the stems, from being herbaceous, be- 
slirabby, and sometimes, as in the TVee-Mignonette, they may be 
:itoadev!tb Hve and flosfps-fbr s^eral years. Perennial plants, by the 
reterdaj^h of flowering, are ^bled to accumulate a greater amount 
nxitiilive inatta:, and thus to withstand the exhaustion. Many cul- 
frvsiMied which lay up a large Itore of nutriment in the form of 



fstarch, lose it when the phuits shoot out ft 

seen m the case of Carrots and Turnips, in which the Buccnl^ rci^; 
becpme,fibrous and unfit for food when the plants are allowed to ncui;' 
to seed. The receptacle of the Artichoke, and many ComposrtSB, which 
is succulent before the expansion of the fiowers, becomes dry as the 
j)rocess of fiowering proceeds. The juices of plants then, when re- 
quired for the purpose either of food or medicine, ought in general to 
be collected immediately before flowering. 

479. By cutting a ring out of the bark of trees, and thus retarding 
the descent of the sap, the period of flowering is sometimes hastened. 
Again, when the period of flowering is long delayed, either naturally, 
as in Agave and several’ palms, or artificially, the process, wh©n it does 
begin, proceeds with amazing rapidity and vigour. In such cases this 
vigorous flowering is often followed by the death of the plant. Eichard 
mentions, that a plant of Agave, which had not flowered for nearly a 
(ieiitury, sent out a flowering stem of 22 J feet in 87 days, increasing at 
one period at the rate of one foot a day. Common fruit trees, when 
they begin to flower, often do so luxuriantly; but if, from the season 
being bad, there is a deficiency in flowering, it frequently happens that, 
from the accumulation of sap, the next year’s produce is abundant. 

480. If plants are allowed to send out their roots very extensively' 
in highly nutritive soil, the tendency is to produce branches and leaves 
rather than flowers. In such cases, cutting the roots or pruning the 
young twigs may act beneficially in checking the vegetative functions. 
In pruning, the young shoot is removed, and the buds coimected with 
the branch of the previous year are left, which thus receive accumu- 
lated nourishment. Grafting, by giving an increase of assimilated 
matter to the scion or graft (see section on Fruiting), and at the same 
time cliecking luxuriant brandling, contributes to the hastening of the 
flowering. 

481. The period of flowering of the same plant varies at different 

seasons*, ^ and in different countries. During the winter in temperate 
climates, and during the dry season in the tropics, the vegetative p|p- 
cess is checiged, more especially by the diminished supply of moisture, 
and the arrestment of the circulation of the sap. The assimilated 
matter remains in a state of repose, ready to be applied to the purposes 
of tlic plant when the moisture and heat again stimulate the vegetable 
functions. This stimulation ocevss at diflerent p^eiAs of tiie yeaae*, 
according to the nature of the climate. By observing the mode of; 
flowering of the same spedes of plant in successive years, conclusions', 
may be drawn as to the nature of the seasons in a country; and bj; 
contrasting these periods in different countries, comparisons may 
instituted as to the nature of their climate. ’ Thus valuable floed'r; 
calendars may be constructed, - v? 

482. Plants are accommodated to the climate in which th€^ grow, 
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ai^ Bmreir at certain seal^ons; and even when transferred to other 
oHatnates wh^ the seasons are reversed, they still have a tendency to 
at their accustomed period of .the year. Again, in the same 
dimate, some individuals of a species, from a pecidiar idioi^crasy, 
regularly flower earlier than others. DecandoUc 'mentions a horse- 
chestnut at Geneva, which flowered always a month before the rest in 
the neighbourhood. From such individu^, by propagation, gardeners 
are able to produce early-flowering varieties. 

483. There is a periodicity in tbe hours of the day at which some 
species open their flowers. Some expand early, some at mid-day, 
others in the evening. The flowers of Succory open at 8 a.m:,, and 
close at 4 p.m. ; those of Tragopogon porrifolius, or Salsafy, close about 
mid-day. Linnaeus constructed a floral clock or watch, in which the 
different hours were marked by the expansion of certain flowers. The 
periods, however, do not seem to be always so regular as he remarked 
them at UpsaL The following are a few of these horological flowers, 
with their hours of opening : — 


Ipomoea Nil, 

Tragopogon pratensc, 

Papaver nudicaule, 

Hypochaerifl tnaculata, 

' Various species of Sonebus and Hieracium, 

Lactuca sativa, 

Specularia Speculum, 

Calendula pluvialis, 

Anagallis arvensis 

Nolana prostrata 

Calendula arvensis, 

Arenaria rubra, 

Mcsembiyantbemuni nodifiorum, 

Ornithogalum umbelintum {Dame iTome fteures\ 

Various Ficoideous plants, 

Scilla pomeridiana, 

Silene noctiflora,.. 

OSnotbera biennis, 

Mirabilis Jalapa, 

Cereiis grandiflorus, 


.... 3 
.... 4 
.... 5 
.... 6 
.... 6 
. . . . 7 

:} ^ 
.... 8 
. * * . 8 
.. . 9 
.... 9 
....10 
....11 
....12 
.... 2 
. . . . d 
.... 6 
.... 6 
.... 7 


to 4 A.M. 

... 5 — 


... 7 ~ 


... 8 — 


... 9 — 

...10 — 
...11 — 


r.M. 

... 6 — 

... 7 — 

..•8 — 


484. Plants which expand their flowers in the evening, as some 
species of Hesperis, Pelargonium, &c., were called by Linnseus plantce 
tristes on that account. Several sp«ries of Cooperia and of Cereus, also 
Sceptranthus Dnimmondii, are nocturnal flowers. Some flowers open 
and decay in a day, and are called ephemeral, others continue to open and 
close for several days before withering. The corolla usually begins to 
&de afl^er fecundation has been effected. Many flowers, or heads of 
flowers, do not ox>en during cloudy or rainy weather, and have been 
called meteoric. Composite plants frequently exhibit this phenomenon, 
and it^luGS been .remarked in Anagallis arvensis, which h^ hence been 
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denomijiated the ‘‘poor man’s weather-glass.” The dosing of many 
flowers in such circumstonces protects &e pollen from the injurious 
eflects of moisture. 

485. The expansion and closing of flowers is regulated by light and 
moisture, and also by a certain law of periodicity. A plant accustomed 
to flower in day-light at a certain time, will continue to expand its 
flowers at the wonted period, even when kept in a dark room. De- 
candoUe made a series of experiments on the .flowe^g of plants kept 
in darkness, and in a cellar lighted by lamps. He !lfound that the law 
of periodicity continued to operate for a considerable time, and that 
in artificial light some flowers opened, while others, such as species 
of Convolvulus, still followed the clock hours in their opening and 
closing. 

486. Light has been said also to have an effect on the direction which 
flowers assume. Some Compositse, as Hypochasris radicata and Apar- 
gia autumnalis, are stated by Henslow to have been seen in meadows, 
where they abound, inclining their flowers towards the quarter of the 
heavens in which the sun is shining. A similar statement has been 
made regarding the Sun-flower, but it has not been confirmed in this 
country at least. Perhaps in its native clime, where the effect of the 
sun’s rays is greater, the phenomenon alluded to may be observable. 
Vauchcr mentions the effects of light on the direction of the flowers of 
many plants, as Narcissuses and certain species of Melampyrum. 

487. It is of importance, both as regards meteorology and botanical 
geography, that observations should be made carefully on what are 
called the annual and diurnal periods of plants : the former being the 
space of time computed between two successive returns of the leaves, 
the flowers, and the fruit; and the latter, the return of the hour of the 
day at which certain species of flowers open. The same species should 
be selected in different localities, and care should be t^en that the 
plants arc such as have determinate periods of flowering. Eules as 
to the mode of observing periodical phenomena in plants have been 
drawn up by the British Association, and a committee has been ap- 
pointed to carry this into effect. The committee has published (1.) a 
list of plants to be observed for the periods of foliation and defolia- 
tion ; (2.) a list of plants to be noticed for flowering and ripening of 
the fruit? (3.) a fist of plants to be observed at the vernal and autum- 
nal equinoxes, and summer solstice, for the hours of opening and closing 
their flowers. 

5 . — ^Ftn^cnoNs or the stamens and pisnir — feetilxzation or fecundation. 

488. The stamens and pistil are called the Essential Organs of 
flowering plants, inasmuch as without them reproduction cannot be 
effected. The stamens, considered as the male organs, prep^ the 
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pollen, which is discharged by^the dehiscence, o£.the anthet. The 
pistil, or the female organ, is proTided* with a secreting surface or 
stigm^ to wliich Ithe pollen is aj^lied in order that the orules con- 
tau^ in the ovary may be fertilized. . ^ 

489v The existence of separate sexes in plants appears to have been 
conjectured in early times, as shown by the'means taken for perfecting 
the fruit of the Date Palm. In this palm, the stamens and pistils are 
on separate plants; and the Egyptians were in the habit of applying 
the sterile flowers those in which the rudiments of the fruit appeared, 
in order that perfect dates might be produced. This practice appears 
to have been empirical, and not founded on correct notions as to the 
parts gf the plant concerned in the process. In the case of the fig, 
they were in the habit of bringing wild figs in contact with the culti- 
vated ones, on the erroneous supposition that a similar result was pro- 
duced as in the case of the Date, proving that they were not aware of 
the &ct, that in the Fig there are stamens and pistils present on the 
same receptacle. The effect produced by the wild figs, or the process 
of capiryicatton {capnjicus, b. wild fig-tree), as it was called, seems to 
d^e^' on the presence of a species of Cynips, which punctures the 
frip and causes an acceleration in ripening. The presence of sexual 
o^jins in plants was first shown in 1676,* by Sir Thomas Millington, 
afid it was afterwards confirmed by Grew, Malpighi, and Ray. Lin- 
niBus made it the basis of his artificial system of classification. 

490. Numerous proofs have been given of the functions a£ the sta- 
mens and pistils, especially in the case of plants where these organs are 
ih separate flowers, either on the same or on different plants. Thus, a 
pistiUiferous specimen of Palm (ChamsBrops hmnilis), in the Leyden 
Botanic Garden, which had long been unproductive, was made to pro- 
duce fruit by shaking over it the pollen from a staminiferous specimen. 
The same experiment has on several occasions been performed in the 
il^otanic Garden at Edinburgh, and the fruit thus ripened has furnished 
seeds which have germinated. Similar results were observed in the 
case of the Pitcher plant. In Cucumbers, when the staminiferous 
fielders are removed, no perfect fruit is formed. Removing the sta- 
mens in the veiy early state of the flower, before the pollen is perfectly 
formed, prevents fertilization. Care must be taken, in all such e^eri- 
ments, that poUen is not wafted to the pistil from other plants in the 
neighbourhood, and the result must be put to the test by the germina- 
tion of the seed; in some instances, the fruit enlarges independently of 
the application of the pollen, without, however, containing perfect seed. 
Thus, a species of Carica was fertilized by Ike applicalion oi pollen, and 
produced perfect fruit^and seed, and it continued for at least one year 
aftezwai^ to have' large , and apparently perfect fruit, but the ovules 
were a}>ortiva^ ’ . 

Some "authors maintam, that in the case of Hemp, Lychnis 
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(lioica, aiid a caUed G<£lebbg]nie peifect seeds have been pro-^ 
duced without the of anjr substance equivalent to pollen ) but 

these statem^ts have not as yet been confirmed. 'On the qontrary, 
in Phanerogamus or flowering plants, all experiments lead to the con- 
clusion that there otc distinct sexdal organs. 

492. In Cryptogambus or flowerless plants, considerable doubts have 

been entertamed' as to the existence of such organs. There seem 
to be in this caise; cells of difi^srent Hnds, which require to be brought 
into contact !h order that spores (which are equivll^t to seeds) may 
be produced. These reproductive cells are of two kinds, they 
are situated either together or apart, on the same or; bn diflerent 
individuals. One of these is the Antheridium^ a ceUnlar body Gcmtain- 
ing granular matter, and Phytozoa (^vt6», a plant, and living), 
or minute bodies which exhibit movements ; the other is the PistilUr. 
dium or Archegoninm beginning, and yovo:, ofispring), containing 

spores which germinate, and which are some- 
times i)rovided with cilia (figs. 431 — 434), 
so as to become Zoospores living, and 

a seed or spore), or moving spores. The 
contact of the .Antheiidium and Pistillidium 
is by many considered as necessary for the fer- 
tilization of the spore. In other cases, as in 
Conferv83 and Diatomacesc, there is a union of 
the cells of the plant by conjugation^ so as to 
produce germinating bodies. In these cases, 
the contents of one, cell pass, by the formation 
of a tube, into the other. In Zygnema, this 
conjugation givers rise to germinating bodies in 
the interior of one of the cells of the plant ; in Diatomacess, on the 
outide of the cells. 

493. The union of two kinds of endochrome (g»hy, within, and 
colour), or of two kinds of coloured particles, appears in these plants 
to give rise to the sporangium or spore-case, and the spore. Some- 
times the two kinds of endochrome are in separate plants, as already 
noticed, and then conjugation unites them, and causes a mixture of the 
endochrome; while in Meloscira, <&c., the different kinds are apparently 
situated in different parts of the same cell, and movements take place 
towards the centre, by which their«union is effected and a spore pro- 
duced. In Ferns, Mosses, &c., there have been detected sepUiute cel- 
lular bodies, the union of which is considered necessary for the perfec- 
tion of the spores. In many Cryptogamic plants, besides this kind of 

Fig. 431— 434..-SporeH of different freBh-VttterAI(?a\ ” 

Fig. 431.— Spores of a Conferva, with two vibratile cilia. 

.Fig. 482.— Spore of a Ghfctophora, with four cilia. ' 

Fig. 433.— Spore o£a Prolifera, witlx a circle of cilia. • 

Fig. 431.— Spore of a Vaucheria, covei-ed with cilhL , 
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re^xoduction, there is also a formation of new cells by a constant 
process of tissiparous or meiismatic division 24), which may be 
coniddered as analogous to the formation of buds, and which per* 
haps depends on certain changes similar to fecundation going on in 
the interior. 

494. Li flowering plants, various provisions are made for insuring 
the application of the pollen to the stigma. The comparative length 
of the .stamens and pistils, their position, and the dehiscence of the 
anthers, are all reJ^jUated with this view. The existence of spiral cells 
in the endothecium has reference apparently to the bursting of the 
anther, and tiie scattering of the pollen. The number of pollen-grains 
produced is also very great. Hassall says that a single head of Dande- 
lion produces upwards of 240,000, each stamen of a Pacony 21,000, a 
Bulrush 144 grains by weight It has been stated, that a single plant 
of Wisteria sinensis produced 6,750,000 stamens, and these, il‘ perfect, 
would have contained 27,000,000,000 pollen-grains,* In the case 
of Evergreens, such as Firs, the quantity of pollen is enormous, 
apparentiy to insure its application notwithstanding the presence of 
leaves. The pollen from pine forests has been wafted by the winds 
to a great distance, and is said to have fallen on the ground like a 
shower of sulphur. 

495* The quantity of pollen required for impregnation varies. 
Kodreuter says, that from fifty to sixty grains of the pollen of Hibiscus 
rrionum are required to fecundate the fruit completely, containiDg 
about thirty ovules. The ovary of Nicotiana, Datura, Lychnis, and 
Dianthus, according to Grortner, may be completely fertilised by the 
pollen of a single perfect anther. In Geum, from eight to ten 
anthers, out of eighty-four to ninety-six contained in each flower, jire 
mfiSicieiiito fertfiize from eighty to one hundred and thirty ovules 
contamw in the ovary. 

496.'^^n many trees in which the organs of rejuoduction are in 
separatS^flowers (as Hazel and WiUow), the leaves arc not produced 
lintil fertilization has been effected. Tlie protection of the pollen from 
the direct influence of moisture, is effected by the closing of the llow- 
prs, by the elasticity of the anther-coat only coming into play in dry 
weather; and in aquatics, either by a peculiar covering, as in Zostera, 
□r by the flowers being developed above water, as in N 3 rmphfiea, Lo- 
belia, Stratiotes, and Hottonia. Im-Yallisneria spiralis, a plant growing 
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in the mud of ditches, the staminiferous plants are detached from th^ 
soil, float on the surface oC the water, and produce there flowers and 
pollen ; while the pistilliferous plants send up a long peduncle (fig. 
228), which accommodates itself to the depth of the water by being 
spiral, and bears on its summit the flower with the pistil. By this 
means the two organs are brought into contact, and fertilization is 
effected. Lagarosiphon muscoides, an aquatic plant from Africa, shows 
similar phenomena in regard to impregnation as are seen in VaUis- 
neria. When continued wet weather comes on after the pollen has 
been matured, and has beg^u to be discharged, it often happens that 
little or no fruit is produced. In flowers where the anthers burst in 
succession, the injury done by moisture is less likely to extend to all. 

497. In some plants the stamens, at a certain period of their develop- 
ment^ ;nove towards tlie pistil, so as to scatter the contents of the anther. 
In Pamassia palustris and Kue, they do so in succession. In Rahnia, 
the anthers are contained in little sacs or pouches of the corolla, until 
the pollen is mature, and when the expansion of the corolla, and the 
elasticity of the filament,, combine to liberate them, they spring towards 
the pistil with a jerk. In Parietaria oflicinalis, and in the Nettle, the 
spiral filament is kept in a folded state until the sepals expand, and 
then it rises with elastic force and scatters the pollen. Similar pheno- 
mena are observed in tlie Cornus canadensis. In the various species 
of Barberry, the inner and lower part of tlie filament is irritable, and 
when touclied it causes the stamen to move towards tlie pistil. This 
takes place naturally when the anther is ripe, and tlie i^fecurved valves 
covered witli pollen are ready to be applied to the stigma. The species 
of Stylidium have their anthers and stigma seated on a column, the 
base of which is slightly swollen and irritable. When a stimulus is 
applied, tliis colmnii passes with considerable force from one side of 
the flower to the other, rupturing the anther-lobes, and thus aiding in 
fertilization. 

498. In certain plants the agency of insects is employed to ensure 
fecmidation. In species of Aristolochia, the tube of the calyx com- 
pletely encloses the organs of reproduction, and the stamens are placed 
below the stigma, so that the pollen can neither be applied toectly, 
nor be carried by the winds. These plants are said to be frequented 
by insects, which enter the tubes and reach the httle chamber at the 
bas'^ . with the view of collecting saccharine matter. The dtefiexed 
hairs in the interior of the tube prevent their escape, and in their 
movements they apply the pollen to the stigma. When this is accom- 
plished, the flower withers, and the insects escape. Orchida^us 
plante have remarkable flowers, which resemble bees, flies, spiders, 
and in general the insects of the country in which they grow. They 
also contain a large quantity of honey-lflce matter connected with the 
essential organs, which attract insects. These insects, in searching &r ; 







polto; masses, which are easily removed the 
^ ^ pto of the column on whidi they iure placed, and 
^ stigmatac suiface. Bees and aphides may, 
ii icfey instance^ contribute, to the process of fertilization. " 

499« While the pollen is being elaborated, the stigma is also under- 
gjvi^ changes. It secretes a viscid ihatter ready to detam the pollen- 
when th(^ are discharged. This secretion was represented by 
44^dge to be, in, some cases, add; but it seems more generally 
be of a mudla^ous or saccharine nature. Vaucher thmks that 
'’Iw nectar^ fluid usually found in the flower spreads itself over 
^s sdgma, and that it is sometimes instrumental in conveying the 
pcm^rgrains. In Gk>ldfussia or Buellia anisophylla, and the species 
ais media, Eapunculoides, and Trachelium, the style is 
with collecting hairs, which appear to aid in the application 
pdlen. .^In the flrst-mentioned plant, a remarkable curvationof 
siyle place, so as to make the stigma come into contact with 
• ^e hSiis. . In Campanula, the hairs on the upper part of the style 
coUec^ and allow it to be applied to the re volute 

6f fhf stigma. In this genus the style is at first slightly 
Ich^^fhan the stamens, hP^t it soon becomes twice their length, and 
its elongation, the hairs upon it brush the pollen-grains out of 
cases, and thus raise them into a position where they can 
l)k^m]ped iiltimately to the stigmatic surface. The stigma consists of 
wl!%t^ches, which are at Jirst erect, but afterwards, by changes in 
iJiB bec^e completely revolute, so as to come into contact with 
ttie ,^j|er the hairs nave performed their office, their fine inner 

membrane ooSSapses by % process of eudosmose, and the stiff outer 
: is drawn inwards, so as to retire within its cell. After the 

reacts stigma; changes take place in it, by which the foviUa 
in the intine of the grains is ^owed to escape. This fovilla 
consists of minute molecules exhibiting certain movements, which by 
some have been considered analogous to those of phytozoa in Ciypto- 
giftmijis plants^ ^r spermatozoa in the animal kingdom. Others look 
upon these motions as entirely molecular. 

590. The length of time during which the pollen retains its vitality, 
iW of effectmg fertilization, varies in different plants. Accord- 

' USg f»j\,5tertner and others, the pollen of some species of Nicotiana 
vitality only for forty-dght hours ; pollen of various , species 
pollen of Dianthus Caryophyllus, three days; 

Lobefia splendens, eight or nine days ; pollen of Cheiranthus 
iburteen days ; wllen of Orchis kbortiva, two months ; pollen of ‘ 
;€an^P^ one year; pollen of Date Palm, one year or more. Michaux 
m some P^ms, as Date and Ghaniasrops humilis, the pollen 
sucoesfi^y afljer having been carefhlly kept for 
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ftom file antluars; the it is, the more qukiLly lt ,1^ w 
fecniiidatiiig property. ‘ ^ = 

Theovtos of BnibiT«i«gF« — So far as the appHi^ttion of the poUi^ 
to the stigma is concerned, the proce^ of fertij^taon can be eaisify 
traced, but the changes which are subsequently produced oh pollen* 

grain and the ovule are* veiy obscure, require minute micrb^pie 
research, and have led to numerous convicting theories of Embryology* 
It has been already stated, that some physiologists, ei^pedahy Beroha^ 
believe, that in the case of Hemp, Lychnis dioica^ and some other 
plants, an embryo, or young pl^t, can be produced without ihe m? 
fluence of the pollen. These views have not been ocmSrmed. It & 
been supposed that in such plants as Hemp, where the stamens and 
pistil are generally on separate individuals, there inay occasioniBny ooc^ 
instances in which they are developed on the same plant. It is known 
that this takes place in other cases. Thus, a i^edmen of 
liumilis, or European Fan-palm, in the Botanic Garden of £6&bui^ , 
which had for upwards of twenty years shown pistilliferous flowel^ ou|y^ 
exhibited, in 1847, both pistiili&rous and staminiferous clus^ii^* #d 
produced perfect fruit without an artificial application of polleni. li _ ^ 
in Dioecious plants growing in the open air,*the poUeh may be cmic^ 
from other plants by the wind, and thus produce perfect seed. Thm 
are thus numerous sources of Macy in Bernhardi’s. observatidhs ; 
Gsertner’s recent experiments seem to prove that H^osp is no exo^irion 
to the ordinary mle. Some, on the supposition of ri%ooiTecfc^^ 
Bemhardi’s views, have thought that the case might be aSfllpgoufctb that 
of some Aphides, where one impregnation is sufficient tb pri)dlme sev^:|sd 
generations. Mr. Smith has recently stat^, that a' female plant 
Ccelebogyne, belonging to the natural order of EuphorbiaccaB, prodded 
perfect seeds in the garden at Kew, without * any apparent contact of. 
pollen; and Gasparrini maintains, that in the case of the cultivated '' 
Fig, the seeds are the product of pistillate flowers only. Subjb ease^ 
if proved, will modify the views entertained relative tp the a^<m 
poUen. Can it be that, as in the case of some QcyptCgamics, awts 
in these anomalous cases two kinds of cells present in the same Ostggftni' 
some with fertilizing matter, and others containing the rudic^eiiEtis of 
ovules,, or of the embryo ? ; 

502. The subject of Embryology, or the development of 
in (he seed, has attracted much attention of late, and numermis bpisi^ 
have been advanced. There are many disGrepandes* as to dm 
of the ovule before impregnation ; some maintaining di^t the divify ^ 
^e nudeus, or the embryo-sac alone, is developed befisre the; polleSb 
IS applied; others, that besides it there is a utride, or rcsid^ 
mteriot, which forms the first eijgbiyonic cell* ^e . tubes 


* It has done so also in 1846. 
B 
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mbh ihe xmlki are by some said to be derived from the pollen; by 
the ovule itself; and by a third set, frx»m the conducting 
tisam >of the slyle. 

5^' Some maintain that the pollen-grains burst on the stigma, and 
seattar the Swilla directly upon it, the ir^^ieiweof which is conveyed by 
)the conducting tissue to the ovule. B^rtig seems to adopt this view 
^ some cases, as well as Gaspaziini, who, from observations on the 
Orange-tree and Cytinus, thin^ that, as the result of this influence, 
a fllament or cellular prolongation is sent fix>m the lower extremity of 

the style into the ovule. Almost all 
modem physiologists discard this view, 
andTbelieve in the formation of pollen- 
tubes, which were so ably demonstrated 
by Brown in OrchidacesB and Ascle- 
piadacese, and have subsequently been 
. shown by Schleiden, Amici, Brongniart, 
Meyen, Mohl, Mulder, Griflith, and 
others. These tubes, which vary in 
size, being oilon about inch in 
diameter, may be easily traced in many 
instances, after the pollen has lain for a 
few hours on the stigma ; for instance, 
in Crocus, Salvia, Colocasia odora, Ges> 
nera, QSnothera and Antirrhinum (fig. 
434 bis). When an ovary, style, and 
stigma arc present, the tubes pass into 
the conducting tissue, while in the case 
of naked oviiles, as in Coniferse and 
Cycadacese, the pollen comes into 
direct contact with the foramen. 

504. The extent to which the tubps penetrate, and the mode in 
wM^ they give rise to the embryo, are matters of dispute. It is 
mamtfdned by some, that the tubes formed by the intine proceed only 
to a certain extent down the style before rupturing to discharge the 
^ that the influence of the latter is subsequently conveyed to 

^*^e ovule by the conducting tissue, and thus causes the formation of 
an en^ryo. Mirbel and Spach, firom observations made on Graminese, 

2«ea Mais, and on the Yew and^bther Coniferse, have been led to 
this view. They believe that the tube does not reach the 
that a primary utricle or vesicle (the first part of the embryo) 
the embryo-sac, or cavity of the'nude^ before fertilization, 

" * .xig. 4S4 Ns.— Porttoti of tbe stigma of Antirrhinum majus at the time of fecundation, ps^ p «, 
BupSnM odlB finming the pa}^. te, tc. Deep tiongated cylindrical cells forming the coii- 
tlSBoe. pjff, Grains of pollen attached to the snr&ce of the stigma, the exnne haring 
. raptured, and the Intine protruded in the form of tubes, I/), tj>, which pierce the interatioes 

' iwtinltt the taperflclal stlgmauc cdls. 
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and that the fovillais the means of determining the future devdopmeit^ 
of an embzyo in it. This utride is attached to the embiyo by a c^ulax 
process^ or mpensor, Giraud entertains the same opinion, founded 
on an examination of the ovule of TropfiBolum majus. In this plant 
he traces the formation of the amniotic or embryo>sac^ and primary 
utricle or germinal vesicle of the embryo, before impregnation, the 
latter being at frst distinct from the sac, but subsequently attached to 
it by a suspensor ; the foviUa is brought into contact with the outer 
surface of the embryo-sac, and the first trace of the embryo appears in 
the formation of a spherical body at the inferior extremity of the pri- 
mary utricle, — ^this spherical body resulting firom a peculiar process of 
nutrition, determined by the dynamic influence of the fovilla. Giraud 
also observed a lengthening of the primary utricle and of its suspensor, 
so as to protrude through the apex of the embryo-sac the nucleus and 
the foramen, forming c^ which partly communicate with the conduct- 
ing tissue, and partly passed roimd the ovule within the caipellaiy 
cavity. By slight traction of this cellular process, the suspensor with, 
the embryo may be drawn from the embryo-sac through the exos- 
toma 

505. Hartig thinks that in some cases, where the pollen-tobe 
cannot be traced directly downwards to the ovule, there is a series 
of cells which, firom their continuily, might be mistaken for it. In 
some recent observations on Campanula rotundifolia, Wilson appears 
to think that the pollen- tube is prolonged into the .|bramen of the 
ovule. Dickie has noticed, in Narthecium ossifiragum, and Euphrasia 
officinalis and Odontites, a cellular process proceeding upwards fix>m 
tlie ovule into the style, which he thinks may unite' with the jk>llen- 
tube. Through Dr. Dickie’s kindness, I have had an opportuni^ of 
seeing these ovule tubes, which appear to end in shut ex&emities, and 
not to have a direct communication with the poUen-tubes. These tubes 
(less than of an inch in diameter) have been traced by him from 
the interior of the embryo-sac. They are probably derived firom flie 
embryo itself, which, in its early state, may send out tubular prolonga- 
tions similar to those of the spores of Ciyptogamic plants. Tubular 
prolongations from the ovule were long ago noticed by Mirbel, and of 
late years by Griffith and Hartig. These authors, however, seem to 
differ from Dickie, in supposing that the tubes are derived fiiom the 
embryo-sac, or some of the coveriiigs of the ovule. 

506. Another, or what may be <^ed a third view of impregnation, 
is, that the pollen-tube does not stop short in the s^le, but proceeds 
as far as the foramen of the ovule, enters it^ and is applied to tto -: 
embryo-sac. In the case of the JVCsletoe, where there are no coveriMi ■ 
of the ovule, and consequently no foiraien, the pollen reaches l£e ^ 
nucleus directly. Meyen, AmicvMohl, Miilder, and Hofmeister,>fi^ > 
in favoifr of this theoiy. Meyen states, that after the poQieii-tafoe^ 



Ae ovtile, m ^fonn of ^ de sac^ the process of 
absoxi^m goes on so ds to allow &e foVilla to reach the embryo-sac. 
IxzmiediatelY thereafter, a development of cells takes place in the form 
of m-lMttidea i^longation or suspdofior, at the extremity of which the 
embijo, in the form of a globular cell, is dCvelcJ^ed. ^e free com- 
the poUen-tnbe and the embryo-sac ceases after 
time,; a conibiction takes place by the formation of a diagonal sep- 
tirm, and the ^Hen-tube dtiier dinvels or continues for some time 
adherent to the sac. 

: 507. Amid also believes that the pollen-tube is applied to the sac 
of the embryo. He observes in the nucleus a large cavity, which he 
has called the embryonic vesicle (fig. 435 c). In &icurbita Pepo and 
OrchidacesB, he traces the tube to a certain depth into the nucleus, 
and. he believes that the granular contents of the tube, which are 
.accumulated at the extremity, are absorbed by the embryonic vesicle, 
so as to effect impregnation. Cdls are then produced in the vesicle, 
commencing at the base, ie. opposite to the 
part, where the pollen-tube exerts its influence. 
The vesicle becomes full of granular matter ; it 
then exhibits a contraction in the middle, the 
lower part becoming appropriated to the em- 
bryo, and forming the true embryo-sac, while 
the upper part, in such plants as Orchis Morio 
and mascula, elongates upwards (fig. 435 e), 
forming a compound filament, composed of cells 
with fluid contents. This filament traverses 
in an inverse manner the course followed by the 
pofien-tube, and passes into the interior of the 
placdita, being quite distinct from the pollen- 
tube, and probably' connected in some way 
witii the nutrition of the embryo. Sometimes the poUen-tubo re- 
nUuns afrer the embiyo has multiplied its cells. Hartig thinks that, in 
, dif^rent instances, the mode of impregnation is different. Hius he 
. .ltdxhits that the true pollen-tube comes into contact with the ovule 
b^onifersd, that in some^OrucifersB the tubes in connection with the 
derived from tbe conducting tissue of the style, as main- 
Gasparrini, while, in certain Cupuliferss, tubes proceed 
B&e part of the ovule itself. 

' ',508j ^ fourth theory is, that the poUen-tube (fig. 436 p t), after 
the ovule, enters the foramen, ex and cn, and then penetrates 
2pH3^ es, or pttehes the sac befrre it, becoining thus en- 
^ teflection of it This view is supported by Schleiden, 

jQf On^ mascullk, illtiftnitiBg A&ild*s vtev of fartilizatlon. a, Prlxnine. b, 
ibtyo, e, ConSBrmd ilUuneat.wliidi prooeeds. from the embiyo towards the 
eeimsmit of the 



Wjdler, Tulasne, Gelesnow, and WilspxL Schleiden, wW 
a very elaborate series of observations on the Ombryo, is in £|voia? 
tins view. According to him, the 
extremity of the poQen-tube does nOt 
enter the embryo-sac, but continues 
on the outside of it, pressing in the 
sac before it, and thus becoming sur- 
roimded by a double layer of it. The 
end of the pollen-tube (fig. 436 e) 
forms the germinal veside, in the 
interior of which nuclei and cells are 
produced, which ultimately give origin 
to the embryo. All the portion of 
the pollen-tube within the embryo-sac 
may be developed as the embryo, or . 
a portion may remain in the form of 
a suspensor, or suspensory filament, 
attached to the upper part of the sac. 

509. Wydler, Gelesnow, and Tulasne, maintain that th^e is no 
indentation of the sac, but that the tube enters it directly. Schleiden 
thinks that this may be true in certain cases where the embxyo4iac 
becomes elongated upwards, and then the membrane is absorbed so m 
to allow the pollen-tube to penetrate into the interior. Schleideh thus 
looks upon the embiyo as a foreign body entering from without, and 
supports his views by cases of polyembryony in Coniferas^ Oycadiuses, 
Misletoe, Onion, &c., where the plurality of embiyps, accord!^ to him, 
depends on more than one pollen-tube having antei^ the fi)ramen of 
the ovule. Wilson has adopted Schleiden’s,.views, from observations 
made on Campanula rotundifolia. Tulasne, from examining the 
embryogeny of Veronica hederifolia, triphyllos, and precox, concurs 
in Wydler^s views. Endlicher supports similar views with Schieid!^ 
considering the stigma, however, as an organ, the peculiar secretidu^ 
which acts on the pollen-grain so as to render it capable of peuetratiiipgV 
to the ovule, and developing an embryo. Unger’s opinion nearly 
responds with this. Gri&tl^ from his researches on Viscum, 

Osyiis, and Loranthus, concludes, that the pollen-tube penetrates 
embryo-sac or cavity, and passes through it longitudinally; and %e 
seems to think that, in some cases, the embiyo proceeds frbm cgUs , 
developed from the end of the tube. Klotszch states that pollen-tubes 
miy be seen entering the embiyo-sac. in Lavatera tremestris, Tobaoc^ ^ 
and sou^ Orchidac^ after the pollen has lain &om twenty-fttir ^ 
thirtyrsix hours on the stigma. Hofineister admits that the pollan^: 



. ^ IBiurtrKte ifkfw of ftrttlifitlon. 

^ Pt Pnmine^ t, Saoondbi^ . « x, SauMtome. « fi» Sadosfcome. n, 
Inyo-tto. p t, pQillen-tnbe. e, Tlie embryo farmed by tto extaremlty of tT ' 
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tube, in some cases where &e embryo-sac is very ddicate, pti^es it 
inwards to a certain extent. 


510. Those who object to Schleiden’s views, think that he has 
mistaken the primary utricle, or germinal vesicle, . which exists in the 
embryo-sac before impregnation, for the end of the pollen-tube, and 
that me cellular fOament attaching this to the embryo-sac is totally 
independent of the poUen-tube. Brown finds that, in the seed of 
Gonifimus plants which haye several embryos, there are semicylindrical 
corpuscles, three to six in number, which are arranged in a circle near 
the apex. In each of these is a distinct embryon^ filament. These 
filaments irequently ramify, each of the ramifications terminating in an 
embryo. He believes that these corpuscles are not formed by the 
pollen-tubes, and that the fact of the ramifications giving rise to rudi- 
mentary embryos is opposed to Schleiden’s views. The corpuscles lie 
dormant for at least twelve months before being developed. In a 
female plant bdonging to Cycadacese, another polyeinbryonous Order 
of plants, Brown hi noted the formation of corpuscles at a time when 
no male flowers were known to exist in the country. These cor- 
puscles may probably be considered as analogous to embryo-sacs, or 
embryonal cavities, such as those in the Misletoe. 

511. Some of the supporters of Schleiden’s views institute a fanciful 

comparison between the spores of Cryptogamous, and the pollen of 
Phanerogamous plants. In the former, the cellular germinating body 
or spore is contained in a case or theca, just as the pollen-grains are 
in the anther of the latter. In the .first instance, the body when dis- 
charged is at once fit for germination ; in the second it requires to be 
transmitted to an ovasy, and then to be matured within an ovule, and 
supplied mth a store of nutritious'matter, so as to be fitted for inde- 
pendent existence, views are theoretical, and do not seem to 

be borne out by fiicts. 

512. It will thus be seen that physiologists are much divided in 
their views relative to this obscure subject ; and when we consider the 
minuteness of the observations, and the high microscopic powers re- 


quired, it is not a matter of surprise that there are numerous sources 
of fellacy. Nearly all agree in the formation of pollen-tubes ; these, 
aterding to some, end in the ceUular tissue of the style ; according 
ta others, they reach the ovule; the influence of the fovilla is com- 
municated to the ovule either dhreotly or indirectly ; , the first odls of 
the emb^^ some maintain, are formed by the end of the pollen-tube 
direotb||iiMe others say indirectly ; and a third parfy consider 
as th^i^Ut of changes induced by the action of die mvilla. 

opinions which have been recently supported by Amici, 
Moh^ jEarl Mulder, and Hofineister, are those which seem to rest on 
foundation, viz., that at the time of the ope^g of the flower 
tebiyo-sao exists, and that, at its upper or micropyle endf one or 
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more cells or germinal y^sicles are produced from cytoblasts ; that the 
poUen-tubes pass down the style to the ovary into the foramen of the 
ovtde, and come into contact with the embryo-sac, either at its apex 
or a little below it; then an imbibition of fluids takes place, the 
embryo-sac begins to increase, and the embryo is produced. The , 
chief point \o be determined, is the existence or not of the germinal 
vesicle before impregnation. 

514. The formation of the process called the suspensor is variously 

accounted for. Schleiden considers it as a part of the pollen-tube ; 
Amici thinks that it is part of the embryo-sac prolong^ upwards, 
forming a cozlfervoid filament (fig. 435 c); Mohl, Mirbel, and Spach 
maintain tha,t the suspensor is produced fi^m the ge!rminal vesicle, and 
therefore intimately united to the embryo, which is developed fix)m 
the low'est cells of that vesicle ; Dickie thin^ that the siispensor may 
be a cord-like process sent out from the cellular embryo^ reaching a 
certain degree of development, and sometimes sending off tubular 
prolongations or filaments, as in Euphrasia and Orchidace^ The 
suspensor is usually directed to the apex of the nucleus or the mierp- 
pyle, and it is sometimes of great len^h. In Draba vema (fig. 485, 2), 
Dickie says he observed in an embryo, of an inch long, a suspensor 

thr^c times that length. In Gnetum, Grifiith mentions a tortuous 
suspensor 3J to 5 inches long, the whole seed being only one inch long. 

515. Talong a comprehensive view of the whole subject, it may be 
said that the union of two kinds of cells appears to be neccssaiy for 
fertilization. In Ciyptogamic plants this has been traced, particiuarly 
in certain cases of conjugation ; where the two cells come into contact, 
a tube is formed between them, and the contents of the one unites 
with those of the other, giving rise to a germinating body. InPhane^ 
rogamic plants, also, tliere are two cells with different contents — ^the 
poUen-grain with its granular fovilla, and the ovule with its muci- 
laginous fiuid. These are brought into connection by means of the 
pollen-tube, formed from the intine, which either enters the embryo- 
sac, or comes into contact with it, the union taking place either 
directly by its extremity, or indirectly by cellular prolongations from 
the conducting tissue, or from the oi^e. By this me^s the forma- 
tion of the embryo is determined, which commences as a cellular body 
or germinal vesicle, in the interior of which other cells are sub^ 
quently formed m a definite order«of succesaon.* 

* For opinions m to Embryology, see Schleiden's paper in Xova acta Academ. Caesar. Leopold-^ 
GoroL Nature CnrioSb ; Brown on the Fecundation of Orchidacen and Asclepiadacese, in the 
Tmnsi^ons of the Unnssan Society for 1SS8; Brongniart on the same sabject, in Amiwes des 
SdeioM Naturelles, 1st series, tom. xxiv., 1881; Meyen on the Act of Imprecation, translated in 
^ylor’s Scientific Memoirs, vol. iii. : Amid sur la Fdcondation des Ord^^s, in Anpales des 
Sciences Naturellea, 8d series, tom. viL ; WUson on Tropteohun maj^us, and Hairs of Campanula, . 
^ndon Journal of Botany, voL iL ; Giraud on Embryology, in the Transactions of the Edinburgn 
Botanical Sodety, and in the Annals of Natural History, voL v.; and on the Ovule of TropsM- 
lum, in Ltnnean Tnoiaactions, voL six.; and Dickie on Embryology, in the Annus of 

^toral History ibr 1848; Griffith on the Ovnle of Santalum. Osyris, In Unnseaii Trsni- 
actions, voL six. ; also Notnle ad Flaatas Aslaticas, Calcutta, 1 m7. 
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, IPMdvcUMi «f SyMAi.— H tHe of , o^e species is 

iSBQ^ejfsed to fertilize Ijbe ovules of aaiother, tlie seed will often produce 
plants Htrictly mteiinedi 0 .te between tbe two parents. These are tenned 
and are analogous to mules in the animal kingdom. As a 
generic hil^ hybrids can only be produced between plants which are 
very nearly allied, as between different species of the i^g^e genus. 
Thus, different spedes of Heath, Fuchsia, Cereus, Ehododehdron, and 
Azalea, readily inoculate each other, and produce intermediate forms. 
It is found, however, that species which seem to be nearly related do 
not hybiid^e. Thus, hybrids are not met with' between the Apple 
and Pear, between the Goosbeny and Currant, nor between the Hasp- 
beray and Strawberry. The ovules of Fuchsia cocdnea, fertilized 
with Ihe pollen of Fuchsia fulgens, produce plants having intermediate 
forms between these two spedes. Some of the seedling plants closely 
resemble the one parent, and some the other, but they all partake more 
or less of the characters of eadi. By the examination of the foliage, 
condusions may be drawn as to what will be the character of the flower, 
libr. Thwaites mentions a case in which a seed produced two plants 
extremely different in appearance and character ; one partaking rather* 
of the character of Fudisia fulgens, and the other of Fuchsia cocdnea. 

517. In the case of hybridization, there appears to be a mixture of 
matters derived from the poUen-grain and the ovule, just like the 
mixture of two endochromes in flowerless plants ; and the nature of 
the hybrid depends on the preponderance of the one or other. Some 
have supposed that the poUen-grains require to be of the same form 
and dimension, in order to admit of artiflcial miion taking place ; but 
this ja a mere conjecture. Hybrids perform the same flmctions as 
■ parents, but they do not perpetuate themselves by seed. If not 
st^e, at first, they usually become so in the course of the 
second or third generation. Herb^ mentions instances of hybrid 
Nardssuses, ftom which he attempted in vain to obtain seed. The 
cause of this sterility has not been determined. Some have referred it 
to alteration in the* pollen. Hybrids may be fertilized, however, 
by the pollen taken from one of the parents, and then the of&pring 
assumes the characters of that parent. 

^^518. Hybrids are rarely produced naturally, as the stigma is more 
Imely to be affect^ by the pollen of its own stamens than by that 
ofo^er plants. In dioecious plants, however, this is not the case, 
and hence the reason probably of the numerous sp-called species 
of Willows. Hybrids are constantly produced artificially, with the 
view <ff obtaining choice flowers nuits, the plants being propa- 
gated 'p|terwards by cuttings. In this way many b^utifld .Boses, 
Azai^ ^ododeudions, Pansies, Cactuses, Pelargcmums, FuchMas, 
ChdqecJikrw Narc^usea, have been obtained. Ely this psfocsess of 
inocyat^on} and carefolly selecting the parei^ gardemiis are eo^led 



to increase tihe size of the flowers, to improve their colour, to render 
tender plants hardy, and to heighten the flavour of fruits. Herb^ 
thinks, from what he saw in Amaryllides, that in hybrids the flowers 
and organs of reproduction partake of ^e characters of the female 
parent, while the foliage and habit, or the organs of vegetation, resem- 
ble the male. 

519. This subject is in^rtant as connected with the origin and 
limitation of species. I£j as some of the old authors believed, there 
were only a few species originally formed, and all the rest aa^ the result 
of hybri&zation, there appears to be no limit to species, and no perma- 
nence in their characters. This, however, is not borne out by &cts ; 
the generally received opinion being, that types of aU the species now 
in existence were originally placed on the globe, and that these have 
given origin to an oflspring like themselves, capable of reproducing 
the species. Hybrids, on the other hand, are rare in a wild state, and, 
they are seldom permanent and fertile. Even where they are so, there 
seems to be a tendency in the offipring to return to one or other of 
the. original types from which they sprung. 

6.— FRurr, OR the pistu. arbiyed at maturity, 

520. Afrer fertilization, various changes take place in the parts of 
the flower. Those more immediately concerned in the process, the 
anther and stigma, rapidly wither and decay, while the filaments and 
style often remain for some time; the floral envelopes also become dry, 
the petals fall, and the sepals are eillier deciduous or remain persistent 
in an altered form ; the ovaiy becomes enlarged, forming the pericarp 

around, and £rmt) ; and the oi^es are developed as the 

containing the end>ryo-plant. The term jrmt is striefiy applied 
to the mature pistil or ovary, with the seeds in its interior. But it 
often includes other parts of the* flower, such as the brads and floral 
envelopes. Thus, the fruit of the Hazel and Oak consists of the ova^ 
and bracts and calyx combined ; that of the Apple, Pear, Ooo^ 
bc^, of the ovary and calyx; and that of the Pine-apple, of&e ovaries 
and floral envelopes of several flowers combined. Frtdts formed by 
the ovaries alone, as the Plum and the Grape, seem to be more liable 
to drop off and suffer from unfavourable weather, than those whi^ have 
the calyx mtering into. their comjj^osition, as the Gooseberry, the Melon, 
and the Apple. 

521. In general, the frxdt is not ripened unless feiriliiisationhas^^ 

effected ; but cases occur in which the fruit swells, andn>^m^ io all 
appearmce perfect, while no seeds are produced. there are 

seedl^^ Oranges, Qrapes, and Pine-apples. "When the seeds aro abpr- 
rive, it is common ^ see the fruit wither and imt come io maturity; but 
in the case of Bananas, Plantains, and Brea^-^froi^ the non-devdlop- 



mea^t ci seed^ seems to lead to a larger grbwth, and a greater succu- 
lence of the fruit 

522. In order to comprdiend the structure of the fruit, it is of great 
importance to study that of the ovary in the young state. It is in this 
way only that the changes occurring in-the progress of growth can be 
determined. The fruit, like the ovary, may be formed of a single 
carpel, or of several It may have one cell or cavity, then being uni^- 
locuh^r {umiSj one, and loculus, box or cavity) ; or many, muUilocular 
(multus, many), &c. The number and nature of the divisions depend 
on the number of carpels, and the extent to which their edges arc 
folded inwards. The appearances presented by the ovary do not, how- 
ever, always remain permanent in the fruit. Great changes are ob- 
served to take place, not merely as regards the increased size of the 
ovary, its softening and hardening, but also in its internal structure, 
owing to the suppression, enlargement, or union of parts. In this way 
the parts of the fruit often become unsymmetrical, that is, not equal to, 
or some multiple of, the parts of the flower ; and at times they are 
developed more in one direction than another, so as to assume an irre- 
gular appearance. In the Ash (fig. 437), an ovary with two 
cells, each containing an ovule attached to a centrd placenta, 
is changed into a unilocular fruit with one seed; one ovule, 
/, having become abortive, and the other, g, gradually extend- 
ing until the septum is pushed to one side, becoming united 
to the walls of the cell, and the placenta appearing to be parietal. 
In the Oak and Hazel, an ovary with three cells, and two ovules 
in each, changes into a one-celled flniit with one seed. Simi- 
2 lar changes take place in the Horse-chestnut, in 
jg j which the remains of the abortive ovules are often 
seen in the ripe fruit. In the Coco-nut, a trilocular 
and triovular ovary is (flanged into a one-celled, 
one-seeded ^fruit. This abortion may depend on the 

or it may proceed from the influence of the pollen 
1 not being communicated to all the ovules. Again, 
^ by the growth of the placenta, or the folding inwarck 

of parts of the ovary, divisions may take place in the fruit whi^ did not 
exist in the ovary. In Pretrea Zanguebarica, a one-ceUed ovary is 
changed into a four-celled fruit by the extension of the placenta. In 
Cathartocarpus Fistula (fig. 395), a one-celled ovary is changed into a 
fruit having , each of its seeds in a separate cell, in consequence of spu- 
rious di^pime^ts being produced m a horizontd manner from the inner 

4S7.— Saniam, qt Saxnaroid fruit of Fnudtius oxyphWla. 1. Entire, with its wlnff, a. 2. 
Lower portion cut transversely, to show that It consists of two locniaments ; one of which, i, Is 
abortive, and is reduced to a veiy Small cavity, whilethe other is much enlarged, and filled with 
a seed, p. « 
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wall of th^ ovaiy ai):er feriiliaatioiv ia. Tribtiliis terrestns,' each cell of 
the ovary (fig. 438) has slight projections, c, on its walls, inteiposed 
between the ovules, o, which, when the fridt is 
ripe, are seen to have formed distinct transverse 
divisions (fig. 439 c), or spurious dissepiments, 
separating &e seeds, g> In Astragalus, the 
folding of the dorsal suture inwards converts a 
one-celled ovary into a two-celled ihiit. 

523. The development of cellular or pulpy 
matter frequentiy makes great changes in the 
firuit, and renders it difficult to discover its for- 
mation. In the Strawberry, the aris becomes succulent, and bears 
tlie carpels on its convex surface; in the Eose, there is a fleshy lining 
of the calyx (sometimes called a disk), which bears the carpels on its 
concave surface. In the Gooseberry, Grape, Guava, Tomato, and 
Pomegranate, the seeds nestie in pulp formed apparently by the 
placentas. In the Orange, the pulpy matter surrounding the seeds is 
formed by succulent cells, which are produced from the inner lining 
of the pericarp. 

624. Tlie pistil, in its simplest state, consists of a carpel or folded 
leaf, with ovules at its margin; and the same thing trill be found in the 
jfruit, where the pericarp, as in the Bean (fig. 440), 
represents the carpellary leaf, and the seeds corre- 
spond to the ovules. The pericarp consists usually 
of three layers: the external (fig, 440 s), or epicarp 
(lari, upon, or on the outside, fruit), cor- 

responding to the lower epidermis of the leaf; the 
middle (fig. 440 m), OTTnesocarp (fcivof, middle), 
representing the parenchyma of the leaf ; and the 
internal (fig, 440 n), or mdocarp {hlov, within), 
equivalent to the upper epidermis of the leaf, or 
the epithelium of the ovary. In some plants, as 
Colutea arborescens, the pericarp retains its leaf- 
like appearance, but in most cases it becomes al- 
tered both in consistence and in colour. Sometimes the three parts 
become blended together, as in the Nut ; at other times, as in the 
Peach, they remain separable. In the latter fruit, the epicaip is thick- 
ened by the addition of cells, and cam be taken off in the form of what 
is called the skin; the mesocarp becomes much developed, forming the 

Fiff. 43a--C^ or loculament of the ovary of Trihuliis terrestris, cat vorticallyf to show the 
cminencement of the prc^ectiosB, c, the paries, which are interposed between the orvles, o. 

Fig. 439.— The same in a mature state, showing the transverse partitions, & dividing the Ihiit 
into cavities, in one of which a seed, ft Is left. 

Fig. Lower portion of the carpm or legume of the Bean, Faha sativiL cat transversely, to 

show the stroctnre of the pericaip. e, Epicaip, or external epidermia m, Mesocarp. n, Endo- 
MTp. s ft Dorsal saturei s v, Ventnu satore. ft A seed situated at the upper part of the sec- 
tion, and cut also transyersely. 
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flesh .Qr pulp, and hence has soxnetim^ be^ called sarcocarp 

'wjiile the endocarp becomes harjiei^ by the production of 
woody c^, and forms the sUm . or (pw^owiew, a shell), imbe- 

diatd^ covering the kernel or the seed. The same arrangement ds 
ac^ m the fhiit of be Cherry, Apricot, and Plum. In these cases, 
t]^ mesocaip is the port of the fruit which is eaten. In the Almond, 
on the other hand, the seed is used as food, while the shdl or endo- 
carp, with its leathery covering or mesocarp, and its greenib epic^, 
are rejected. Ihe pulpy matter found in the interior of fruits, such as 
the Gooseberry, Grape, and Gathartocaipus Fistula (fig. 395), is formed 
from the plac^tas, and must not be confounded with tfie s^ocarp. 

525. In the Date, the epicarp is the outer brownish ridn, the pbpy 
matter is the mesocarp or sarcocarp, and the thin papery-like lining is 
the endocarp covering the hard seed In the Pear and Apple, the outer 
skin or epicarp is composed of the epidermis of the calyx, combined with 
the ovary ; the fleshy portion is the mesocarp, formed by the cellular 
portion of the calyx and ovary ; while the scaly layer, forming the 
walls of the seed-bearing cavities in the centre, is the endocarp. In 
the Medlar (fig. 472), the endocarp becomes of a stony hardness. In 
the Melon, be epicarp and endocarp are very thin, while the mesocarp 
bnns the bulk of the firuit, varying in its texture and taste in the ex- 
ternal and internal part. The rind of the Orange consists of epicarp 
and mesocarp, while the endocarp forms partitions in the interior, filled 
with c^. 

52d Thus, while normally the divisions of the fhdt ought to indi- 
cate the niunber.of the carpels composing it, and these carpels should 
each have three layers forming the walls, it is found that frequently the 
divisions of a mulbocular fruit are atrophied or absorbed, in whole or 
in part, and the layers become confounded together, so that they 
appear to be one. Again, in fruits formed of several carpels, the 
endocarp and mesocarp are occasionally so much developed as to leave 
the epicarp only on the free dorsal free of the fruit, forming a covering 
which is wholly external, as in the Castor-oil plant. Euphorbia, and 
Mallow. Occasionally, be endocarp remains attached to the centre, 
forming cells, in whi^ the seeds are placed, while the outer layer 
separates frpm it at certain points, and leaves a row of cavities in the 
substance of be pericarp its^. 

527. While in many fruits the«calyx becomes inco^orated wib the 
pexica^, bere are others in which it is closely applied to be ovary, 
but sbl separable from it. Thus, in be fruit of Mirabilis Jalapa 
j441,^l), when a section is made longitudinally (fig. 441, 2), be 
hyrdbied'cal;^ c c, is obs^ed distinct ^m be fruit,/, which is in 
bfr incorporated wib be seed, but at once distinguished by 

itBSl^le, s. The same^tlmig oc<m 2 ^,in Spinack or Spmac^ Again, 
in* Ipppophte rhaEtmoides, and in be Yew (fig. 442), bere k an extern 
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nal sucJciilent covering, formed by modified bracto, wbich here occupy 

the place of a peiicarp, and display the seed, which is ilaked, because 

not contained in a true ovary wim a style and stigma. 



528. The part of the pericarp attached to the peduncle is called its 
hase^ and the part where the style or stigma existed is the apex. This 
latter is not {dways the mathematical apex. In Alchemilla, LabiataB, 
and BoraginacesB, it is at the base or side (figs. 400, 401, 402). The 
style sometimes remains in a hardened form, rendering the findt apicu- 
late; at other times it falls off, leaving only traces of its existence. The 
presence of the style or stigma serves to distinguish certain single- 
seeded pericarps from seeds. 

529. As in the case of the caipel, so in the mature ovary formed 
of it, the edges unite towards the axis, and constitute the ventral 
suture (fig. 443 $ v), while the back, corresponding 
with the midrib, is the dorsal suture (fig. 443 s d). The 
imier suture, in some fhiits formed of a single carpel, as 
the Apricot and Bladder senna, is marked by a distinct 
lurrow or depression, consequent on the folding in- 
wards of the carpcUary edges; and occasionally the 
outer or dorsal suture is also thus rendered distinctly 
visible. When the fruit cojisists of several mature 
carpels, all meeting in the centre, and united together, 
then the dorsal suture is also visible externally; but 
in cases where the placentation is parietal or free cen- 
tral, then the edges of the separate carpels, being near the surface, may 
present also externally the marks of the venfral sutures. 



Fig. 44L— Fruit of MiraMlis Jalapn. L Entire. 2. Cut longitudinally, to show Its composi- 
tion. c c, Lower part of calyx hardened, and fonning an outer envelope. /, The tiiie nmit, 
oOTered by, the cuyx. The integoments of the finiit are incorporated with those of the seed, 
wMch has been also cut The fruit is distinguilhed hy the remaiiis of the style, a, at ihb opl- 
cuius or sunanit o .r .. 

Fig. 448.-:.Prult of Taxipi haocata, the Yew. % Imbricated bracts at its base, t c, Flediy 
envelope taUng the place of the pericarp. This envelope covers the seed, g, partially, leaving 
its apex nalc^ . 

-.Kg' A tdngle carpel of Hellehonu fretidns after dehiscence. « <f, Dorsal mture. a . 
yentru suture. The caxpd, when mature, opens on the ventral' euture, and Ibnas the fruit 
denominated a foUide. ' 


Sf$4 IHDBHISCSNT ASfJ> DStoSCENT FRUITS. 

680. Where sutures are formed, there are usually two bundles 
of fibro-YasGular tissue (fig. 443), one on each edge. The edges of the 
sutures are often so intimately united, as not to give way when the firuit 
is ripe. In this case it is called indehiscmt (m, 'used in the sense 
of not, and dehisco^ I open), as in tl^ Acom and Nut; at 
other times the fruit opens between the two vascular bundles, 
either at the ventral or dorsal suture, so as to allow the 
seeds to escape, and then it is deJmcent (dehiaco, I open). 
By this dehiscence the pericarp becomes divided into dif- 
ferent pieces, which are denominated valves^ the fihiit being 
univalmlar^ UvcdvuJxxr^ or mulUvahmlar^ &c., according as 
there are one, two, or many valves. These valves separate 
either completely or partially. In the latter case, the divi- 
sions may open m the form of teeth at the apex of the Iriiit, 
the dehiscence being apkular^ as in Caryophyllacese (fig. 
444 v\ or as partial slits of the ventral suture, when the 
carpels are only fi*ee at the apex, as in Saxifrages. 

531. indehlMsent Frnita are either diy, as the Nut, or fieshy, as the 

Cherry and Apple. They may be formed by one or several carpels; 
and in the former case they usually contain only a single seed, which 
may become so incorporated with the pericarp as to appear to be naked. 
Such fiuits are called psendo-spermom false, and a>xi^(Aety seed), 

or false-seeded, and are well seen in the grain of Wheat. In such 
cases the presence of the style or stigma determines their true nature. 

532. DeUscent Fraitv, when composed of single carpels, may open 
by the ventral suture only, as in the follicles of Proony ; by the dorsal 
suture -only; or by both together, as in the legume of the Pea and 
Bean; in which cases the dcl^cence is called sutwraL WTien composed 
of several united carpels, the valves may separate through tlie dissepi- 
ments, so that the fniit will be resolved into its original carpels, as in 
Ehododendron, Colchicum, <&c. This dehiscence, in consequence of 
taking place though the lameUse of the septum, is called septicidal 
{septum and cosdx)^ I cut) (figs. 445, 446). The valves may separate 
from their commissure, or central line of union, carrying the placentas 
with tliem, or they may leave the latter in the centre, so as to form 
with the axis a column of a cylindrical, conical, or prismatic shape, 
which has received the designation of columella (fig. 447 c). The 
union between the edges of thd carpels may be persistent, and they 
may dehisce by the dorsal suture, or through the back of the looula- 
ments,^as in the lily and Iris (fig. 448). In this case the valves are 
brmed by the halves of the cells, and Ike septa either remain united 
o the axis, or they separate from it, carrying the placentas with them 

of Cerastium viscosum after dehiscence, c, Persistent 
Fericaip dividing iftt the apex, v, into ten teeth, which indicate tlie summits of at 
united below. 
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(fig. 449), or leaving them in the centre. This dehiscence is hcuUoidal 
(loculta, cell, and cSdo, I cat). Sometimes the fiuit opens by the 
dorsal suture, and at the same time the valves or walls of the ovaries 
separate from the septa (fig. 450), leaving them attached to the centre, 



as in Datura. This is called septifragal dehiscence (septum and frango, 
1 break), and may be looked upon as a modification of the loculiddaL 
The separation of the valves takes place either from a,bove downwards 
(fig. 450), or from below upwards (fig. 451). 


Fiff. 445.-~€!ap8ttIe of Digitalis purpurea at the moment of dehiscence, when the two cavities, 
r c, separate by division of the septum, (i so ue to have the appearance of distinct ciupels. At 
the apex;, are seen the seeds, g, 

Fi^ 44Q,—lnfcrior portion of the same capsule cut transversely, to show the formation of the 
septum, d, formed by the two inner taces of the carols, cc. ppt Plocentarics reacted and pro- 
jecting into the Interior of the cavities, a. Seeds. 

Fig., 447.~~Ga])8ule (irieoecom r^gma) of Kicinus cbmmnnls, Castor-oil plant, at the moment of 
dehiscence. The three carpels or cocci, e c c, are serrated from the axis, a, by which they were 
at first united (see fig. 453), and which remains in a columnar fonn. These cocci begin to open 
by their dorsal suture, s d. 

Fig. 448,— Capsule of Iris opening by locuUcidal, dehiscence. 

Fig. 44&— Capsule of Hibiscus esculentus, showing also locuUcidal dehiscence, v o v, Valves or 
the seed-vessel, c. Septum or partition. Seeds. 

Fig. 450.-.:CapBule of Cedrcla angustifbUa, the valves of which, vvv, separate from the se^ 
c c, by septifragal dehiscence. The separatldn takes place from above downwards, in suqh a 
manner that the axis, a, remains In. the centre, with five prqjectlng anjydes, ooireqK>nding to the 
septa, pr, i*he seeds contained in the loculaments. 


being to ii by thdr &oes, and se|>ara^g 
from it witbout opening. In Ibe XTmbellif^ 
(fig. 454), ike two carpels s^arate fi?om the lower 
part of the aads, and remain attached to a pro- 
longation of it, called a i^t, 

and *L bear), or podocarp (^roS;, foot, and 


JWPToV, finiit), whidi splits into two (fig. 454 a). 
ana suspends them. Hence the name crmocarp 


and suspends^them. Hence the name crmocarp 
1 suspend), applied to thi% fruit. In 
GeraniaceeB, the axis is prolonged b^ond the 
carpels, forming a carpophore, to which the styles 
are att^hed, and the pericarps separate from 
b^ow upwards, before dehiscing by their dorsal 
suture (fig. 455). Carpels of this kind are 
called coed {xomg, seed, berry), and the Ihiit is said to be iricoccous, 
<Sec., according to the number of separate carpels. In the case, of many 
Eu^orbiaceas, as Hura crepitans, the cocci separate with great force 
and dasticity, the cells being called dmilimt idmiUo^ I burst). 
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584. In the Siliqua or fimit of Crucifene, as Wallflower (fig. 456), 
the Smlves separate from the base of the fimit, leaving a central replum 
or fr^e, r. The replum is considered as being formed by parietal 
jdacentas, which remain attached to the fibro-vascular line of the 
suture, the valves giving way on dther side of the suture. In Ordbi- 
Mom (fig. 467), the pericarp, when ripe, separates into three valves, 

slip. Midva rotnndifolli, with half the carpds coapriataff It removed, to show 

the ^ a, to^whi<^ they we attached. This axis ends at the poin^hOTc the Is 

e, The ear^ which axe left attached to the axis, axounn which they are^ urweed^ 
The lateral soifhce.hfthe two caip^s in front, c', is exposed. 

' . i|g;i4S&-^Tncocoous capsule of Aidnxis communis, gastor-oil plant, cut vocally, to diow 
^ hetweejn tte caipel& and terminating by small cords or fbnienh,^, which 

ptromhito theuciuamentiL and are attached to seeds, g g, Seeds expotk, eu&i surmounted hy 
d'lnMuiy 'CiBpneiilai, c. pp, Peileajtk 


i»i>,rerlcam 
I or cremocaip of 


oy gLinmgw^ sHny oikm 

' are TaBited; 

left in the form of three ian^^ vej^ dr fisames^ to. 
are attached. In the case of a free (^ntral i^lBm 
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separate, it is sometimes difficult to tell whether the dehiscence i 
septicidd or loculicidal, inasmuch as there are no diss^pimebts, an< 
the placentas and seeds ffirm a column in the axk^; .Piefr niunbei 
as well as their alternation or opposition, as compared mth Ihe s^ah 
will aid in determining whether the valves are the ent^rdarpeUar 
leaves, as in septicidal dehiscence, or only halves unitoi^ aa ha looiffi 
cidaL In some instances, as in linum oatharticum^ ' ^ ftfuit open 
first by loculicidal dehiscence, and afterwards the carpels separate h 
a septicidal manner. 

585. Another mode in which fhiits open is transversely, the dehis 
cence in this case being called circwnsoissile (circunij around, am 
scindoj 1 cut). In such cases, the fruit or seed-vessel may be soppois^ 
to be foimed by a number of articulated leaves like those of & 
Orange, the division taking place where the laminaB join the ^tiol^ 
In this dehiscence, the upper part of the united valves falls on m 
form of a lid or operculum, as in AnagaUis (%. 458), and in 
cyamua (fig.’4d9), and hence the fruit is often denominated 
{(^hTcuk^ a lid). In some iostaasises the axis seei^ to be 


Hg: 46&~-Fruit or lAatare caipd of Geraalifm sangnlneiiin. & Pcn to t^ aal;^ 9, Axl 
^ImigOd as a beak. # The styles, ot first united to ike beak, and afterwaanto 
D|Uo^uwarda, along with the carpels, o o. which dehisce by ihelr donel nttin, s, SflygjiBMi 
The troft Is sometiraesoaaed gynobaslc. 

Fig. SiUqiia of Gheiranihiis Chelrl. Wallflower, discing by two salves, v a ^ 
senate from a flrame'or replum, r. o, Seeds ananged on either maigliL Tiro>](H)ed all 
Fig. 407.-- Capsule of Orchis maonlata at Um penod of dehiaoence. e, Bem^nsof ^elf 
the calyx crowning the flmit Segments of me pericarp which are detached in Itofi 

vaiTca. Ajthedveiila or placentaa which remain peraiiRent, and fwarttoseeia 

S 





I 4183 i3ie leaves united to 

u joizuiar to yrbat oc^i^ ixi llie calyx of Esdischoltzia^ 
in Lecyi&, or the Monkey-pot, and 
in Couratari, the calyx is adherent 
to the* seed-Yessd^ and the' lid is 
formed at the place ^here the tube 
of the calyx ceas^ to be adherent. 

536. Transverse divisions take 
place occasionally in fruits formed 
by >a single carpel, as in the pods 
of some leguminous plants. Exam- 
3 ]^ are met with in Ornithopus, Hed 3 rsamm (fig. 460), CoroniUa, &c.,. 
n i!v:ldbh*each seed is contained in a separate division, the partitions 
3611 ^ formed b^ the folding in of the sides of the pericarp, and distinct 
reparations taking place at these partitions, by vrhat has been termed 
Some look upon these pods as formed by pinnate leaves 

folded, and the divi- 
sions as indicating the 
points where the dif- 
ferent pairs of pionas 
axe united. Others 

do not admit this ex- 
planation, bnt regard 
the legume or pod 

as formed by the ex- 
panded midnb or pe- 
tiole, and the pinnse 
as represented by the 
seeds. Dehiscence may 
ilso. be effected by partial openings in the pericarp, called po9'es, 
irhich are situated either at the apex, base or side. In the Poppy (fig. 

U)9), the opening takes place by numerous pores under the peltate 

xrpcesses bearing the stigmas. In Campanulas, there are irregular 



Fig. .458.— Pyxidium or capsule of AnagoJais arveusiB, opening by drcumscissile dehiscence. 
. Persistent euyx. p, Pericarp divided into two, the upper part, o, separating in the fbrm of a 
Id or operculum. On the capsule are seen three lines passipg from the base to the apex, and 
luoking the true valves, p, Seeds forming a lobular mass round a central placenta. 

Fig. — Operculate capmde or Pyxididtat of Hyoscyamus nJger, Henbane, a, Opereiilom or 

[d separating and allowing the seeds to app^n 

Fig. 400.— Lomeniaceous legume or lomentun of Hedysaram coronarinm. 1. Entire, ifche 
xiper division being nearly detached from the rest S. Two of the Joints cut longitudinally to 
how the spurious loealamentB. each containing a seed. This secd-vessd divides into separate 
itu(l6;^ded portions by solumlity. 

dOU— Capsule of Camponnla perslcffblla, opening by holes or pores, t;t, above the mid^. 

inoorpdn^ted below with the pericarp, /», and separating .above fnto five 
in the midst of which is seen the withered and jdaltea corolla in the fonn of 
je holes perfordte the walls of the pericarp and the calyx. 

Japanle of Antirrhinum majus, Frogsmouth, after dehiscence, e c, Persistent 
, Pericarp perforated near the summit ^ three holes, t f, two of which correspond to 
t locttlamentt, and one to the other. Too apex of the capsule is acuminated by the 


openings towards the liidiidlepr base (iSg. 4^1 it), {nerciS^b^ 

the pericarp and the adherent calyx. In Erog^outh (fig. 462^ 
Snapdragon, the pericarp gives wajr at certain fiXcid pointi^ ^Sxr^^ 
two or three orifices, one of which corresponds to th©n{p^ carpd, 
and the other to the lower. These orifices have a ragged appearance 
at the margins, which has given rise to the name ruptarmg^ as applied 
to this mode of dehiscence. 

537. Curpologr. — ^Much has been done of late in the study of car- 

pohgy Tioyof, discourse), or the formation of the 

fruit ; but much still remains to be done ere the terminology of this 
department is complete- Many classifications of fniits have been 
given, but they are confessedly imperfect, and unfortunatdy much 
confusion has arisen in consequence of the same naxnp having been 
applied to different kinds of fruit. In many cases, therefore, it is 
necessary to give a description of a fruit in place of using any single 
term. There are, however, some names in general use, and' others 
which have been ckrefuUy defined, to which it is necessary to direct 
attention. . 

538. Fruits may be formed by one flower, or they may be the 

product of several flowers combined. In the former case, they are 
either apocarpous separate, and fruit) or dmlycarpom 

(J/fltXw, I dissolve or separate), that is, composed of one mature 
carpel, or of several separate free camels ; or syncarpom together), 
that is, comjiosed of several carpels, more or less completely united. 
These different kinds of fruits may be indefiiscetit (not opening), or 
dehisceni (opening). When the fruit is composed of the ovaries of 
several flowers united, it is usual to find the bracts and floral envelopes 
also joined with them, so as to form one mass ; hence such fruits are 
cjiUed multiple or anthocarpous flower, and fruit). The 

term simple is perhaps properly applied to fruits, which, when mature, 
appear to be formed of one carpd only ; but it has been also given to 
those which, when mature, are formed by several separate carpds; 
while the term cOinpownd is applied to cases where several carpds are 
combined. The name aggregate is by some made synonymous with 
anthocarpovLs^ while multiple is applied to apocarpous fruits formed by 
several free carpels. 

Fruits which are the Produce of a Single Flower. 

539. ApocavpoiKi Frnita. — These fruits are formed out of one or 
several. free camels. Ihey are either dry or succulent; the pericarp, 
in the former, instance, remaining more or less foliao^ous in its struc-^^ 
ture, and sometimes becoming incorporated , with ^ seed .; , in thfe', 
latter, b^ortung' thick and fleshy, or pulpy. Some of .these dbnqUl; 
open when ripe, Wit frll entire, peric^p either decayurg, and thm* 



; x tt0 gg i» ca asT ibutcs. 

^tUofrkig uitimatdy to escape, as;is conmon in fleshy ihnts, 

ly ip eqiinTiiT^g tn the see^ aztd being xupticred irregularly when 
*'tlie,y 6 ung plant to grow; such toits m-indehiscent Other 

*apoqerpocb firnits, when mature, open spontaneously to discharge the 
see^ and are: \ 

640. iaMdsmt Ar«cavp«Mirnittii* when formed of aaingle mature 
.earpel, frequently contain only one seed, or. are Tnbmfpermms 
ozte, ^nd seed). In some instances there may have been only 

one ovule originally, in others two, one of which has become abortive. 

541. The Achmmm («, privative, and 1 open) is a dry 

monospermous fruit, the pericarp of which is closely appUed to the 

seed, but separable from it (fig. 
463). It may be aolitc&y^ form- 
ing a single fruit, as in the 
Cashew (fig. 227 «), where it 
is supported on a fleshy pedun- 
cle, p; or aggregaU^ as in 
Kanunculus (fig. 464), where 
several achaenia are placed on 
a common elevated receptacle. 
In the Strawberry, the achfenia 
are placed on a convex succulent receptacle. In the Rose, they are 
supported on a concave receptacle, covered by the calycine tube (fig. 
270}, and in the Fig, they are placed inside the hollow peduncle or 
receptacle (fig. 246), which ultimately forms what is commonly called 
the fruit. In the Rose, the aggregate achaenia, with their general 
covering, are sometimes coUectivdy called Cymirrhodvm a dog, 
find,(^^ 0 », a rose, seen in the dog-rose). It will thus be remarked, 
that what in common language are called the seeds of the Strawberry, 
Roae, and Fig, are in reality carpels, which are distinguished from 
seeds by the presence of styles and stigmas. The styles occasionally 
remain attached to the achsBnia, in the form of frathery appendages, 
as in Clematis, where they are called cavdate (cavxla, a 1 ^). 

542. In Composites, the fruit which is sometimes called Cypsela 
a box), when ripe, is an acheenium united with the tube of 

^ calyx (fig. 279 <). The limb of the calyx in the Compositse, some- 
.Itoes becomes pappose, and remains attached to the fruit, as in 
P^delion, Thistles, &c. (fig. ^9 t). When the pericarp is thin, 
-and appears like a bladder surrounding the seed, the achaenium be- 
comes a UtricUj as in Amaranthacese. l^is name is often given to fruits 
which difl^ from the'achaeniuiu, in being cemiposed of more than one 

: f!|gi AduBBlam or Indebiscesit mohospermoos-oaipel fh>m the pistil of a UanimciiliUL 

£|g. 494.— 1. Similar achsehiiun, -with rough points onC^e pericaxp^ from the ptstlLrf Banun- 
cggiltts 3. ^Achtankm cut trtnsversely to show seed, p, not adhdint to the 
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caxpd. Wlien pericaxp is extended in the form of a vringed 
appendage, a Samara {samera^ seed of Elm) or mmaraid acHMim is 
produce^ as in the Ash (dg. 437), common Sycamore (fig. 466), and^ 
Hirdsa. (fig. 466). In these cases, there are usually two achaenia 
united, one of which, however, as in Fraxinus o:^hylla (fig, 437), 
may be abortive. The Wing (fig. 465 a) is formed the carpel, and 
is either dorsal, ie, a prolongation from the median vein (fig. 465 a), 
or marginal, that is, formed by the lateral veins (fig. 466 a). It sur- 
rounds the fhiit longitudinally in the Elm. When the peiicaip be- 
comes so incorporate with the seed, as to be inseparable from it, as 



in Grains of Wheat, Maize, Rye (fig. 467), and other grasses, then the 
name Garyopsis or Cariopsis a nut, and oyf/Uf appearance) is 

given. 

543. There are some fruits which consist of two or more achasnia, at 
first united together, but which separate when ripe. Of this nature 
is the fruit of the Tropasolum or Indian Cress, also that of Labiatee 
and Boraginaceas, which is formed of four achsenia attached to the 
axis (fig. 402), whence the comm6n style appears to proceed. Some 
of these are occasionally abortive. In the ripe state the pericarp 
separates from the seed in these cases ; and thus there is a transition 
from indehiscent achsenia to single seeded dehiscent pericarps. So; 
also the Cremocarp to suspend), or the fruit of Umbelliferse 

(fig. 454), which is composed of two achsBnia united by a commissure 


Fig. 46^~.Seed-vo8iel of Acer Pseiido-platailus, composed of two samaras or winged mono- 
Rpemous carpels united, a, Upper part forming a dorsal wing, i, Lower portion conespoodilBig 
to the loculamenta ' 

Fig. 466.-— Samara taken from the fhtlt of Hirsea. «, Persistent style. Part correspondlSg 

the locuhipient a a, Marginal wing or ala. ^ 

40f~Cairyopins of &cale cereale, Bye. L Entire. B Cnt^transversely to ebow tfaie seed 
adherent to the pa^etes of the pericarp. 


fruit, I bear), 

frl^ ^ilbk l3iey aie suq)e^ded at maturity. It is sometimes deno- 
i^sdnated dkush€mium (ti;, twice), from the union of two achssnia, which 
tbis instanee receive the name of mericarps (fte^og, part), or hmwarps 
fruit). 

544. iTAe Nut or Olms. This is a one-celled fruit with a hardened 
il^carp^^ surrounded by, bracts at the base, and, when mature, con- 
Hiaaning only one seed. In the young state, the ovary contains" two or 
"inbre ovules, but only one comes to maturity. It is illustrated by the 
fruit of the Hazd and Chestnut, which are covered by leafy appendages, 
in rile form of a AwsA, and by the Acorn, in which the leaves or bracts 
are united so as to form a cupula or c?/jp (fig. 257). The parts of the 
pericarp of the Nut are united so as to appear one. In Sagus, or the 
Sago Pahn, it is covered by peculiar closdy applied scales, giving the 
appearance of a cone. 

645. The Drupe {drupm^ unripe olives). This is a succulent fruit 
covered by a pericarp, consisting of epicarp, mesocarp, and endocarp; 
and when mature, containing a single seed. This term is applied to 
such frmts as the Cherry, Peach, Plum, Apricot, Mango, Walnut, 
Nutmeg, and Date. The endocarp is usu^y hard, forming the stone 
of the fruit, which encloses the kernel or seed. The mesocarp is 
generally pulpy and succulent;, so as to be truly a sarcocarp (Peach), 
but it is sometimes of a tough texture, as in the Almond, and at other 
times more or less fibrous. There is thus a transition from the Drupe 
to the Nut. Moreover, in the Almond, there are often two ovules 
formed, only one of which comes to perfection. In the Walnut, the 
endocarp, which is easily separable into two, forms prolongations wluch 
enter into the interior, and cause a remarkable (hvision in the seed. 
It has been sometimes called Tryma, In the Easpberrjr and Bramble, 
several small drupes or drupeU are aggregated so as to constitute an 
a companion). 

646. Ofihiscent Apocarpous Frnits,— These open in various 
^ irays, and usually contain more than one seed, being either 
'few-seeded, oliyospermms {dhtyog, few, and o-wig/cca, a seed), or 
inany-jseeded, polyspermms many). . 

547. FoUi^ (JbUiculus^ a littie bag). This is a mature 
carpe^ contaiping several seeds, and opening by the ventral 
suture (figs. 443, 468). • It is rare to meet with a solitary 
follicle forming the fiiiit. There are usually several aggre- 
gated together, either in a circular manner on a shortened 
. receptacle, as ip Bellebore, Aconite, Delphioium, and Ascle- 
jdaidaceas; or in a Eq[>iral manner on an elongated receptacle, as m 




Cohim^ine. 


The 





Magnolias, Banbdas, and lixiodendron (fig. 806). ^ OccasiofialLy 
Magnolia grandifiora, some of the foUides open by &e dorsal suture. 

548. The Legume or Pod {legumen, pulse) is a solitary, simple, ma- ^ 
ture carpel, dehiscing by the yentral and dorsd suture, and beoxing 
seeds on the former. It characterizes leguminous plante, and is seen 
in the Bean and Pea (fig. 469). In the Bladder-senna (fig. 470) 
it retains its leaf-like appearance, and forms an infiated legiWe. In 
some Leguminosse, as Arachis, the fhiit must be considered a legume, 
although it does not dehisce. In place of opening at the sutures, some 
legumes are contracted at interrals, so as to include each seed in a 



469 470 471 


separate cell, and when ripe, the different divisions of the pod separate 
from each other. Tliis constitutes theLornentmi {lomentum, bean-meal), 
or hmentaceous legume of Hedjsarum coronarium (fig, 460), CoroniJlas, 
Omithopus, &c. In Medicago, the legume is twisted like a snail (fig. 
471), and in Cassalpinia coriaiia, or Divi-divi, it is vermiform or curved 
like a worm; in Carmichaelia, the valves give way dose to the suture, 
and separate from it, leaving a diYi|ion. 

549. Sfncojrpons Froito are formed by several carpels, which are 

Fig. 46a— -Legume of Pisura eativum, common Pea, opened. It is fbrmed by a (dngle caipel. 
and dehisces by the ventral and dorsal suture, v % Valves formed by the '^rts of thi 
pericarp, jn, The epicarp or external layer of the i^ricaip^ j}', Endocarp or internal layers . 
Between thesethe mesocaip is situated, a Seeds placed one over the other, attached to the.; 
Idacenta by short ftmiouli or cords,// The placenta forms a narrow line along the venta^'r 
suture, a «. a The dorsal suture corFeq)ondlng to the midrib of the carpdloryleaf • 

^g. 470.— Legume of Bladder-eenna CVdutea arbpreicent)^ diowixtg an inSatedt /olIaiieQ(iiil: >. 

Fig. 47L— Twisted or tpiral legume of Medicaga 


Gottis. 

iK>' tosited as to ^i^pear one in thdr mature ^te. These 

finste we either dry or snc^ent: in Ibe former case, being nstially 
ddnseeixt, in tihe kttS^, indehiscent. 

550. — I%sJ^my(^cn)isasncca- 
ien^ fimtj in whidi the seeds are immersed in a pnlpy mass, formed 
% the j)boentas. The name is usually given to such fruits as the 
. li^fosehwry and Coixant, in which the calyx is adherent to the ovary, 
:'Jtod the placentas are parietal, the seeds bdbng nlthnately detach^ 

the placen^ and lying loose in the pnlp. Others have applied 
% also to those in which the ovary is free, as in the Gxape^ Potato, and 
Jbdisia, and the placentas central or free central. The latter might be 
separated under &e name Uva (grape). In general, the name ^haccate 
Or berried is applied to all pulpy fruits. In the Pomegranate there is 
a peculiar baccate many^^'Celled fruit, having a tough rind formed by 
the calyx, enclosing two rows of carpels placed above each other. The 
seeds are Immersed in pulp, and are attached irregnlarly to the parietes, 
base, and centre. The f^t has been called Balcmsta (halamUumy 
dower of pomegranate), and the tough rind is called malicorimh (a 
^ame applied to it by Pliny). 

551. The Pepo or Pqwnv^ {riirm, a pumpkin), is illustrated by the 
fruit of the Gkrard, Melon, and other Cucurbitacea?, where the calyx 
is adherent, the rind is thick and fleshy, and there are three or more 
seed-bearing parietsd placentas, either surrounding a central cavity, 
or sending prolongations inwards. The fruit of the Papaw resembles 
the Pepo, tat the ovary is not adherent to the calyx, 

552- The Hesperidium (golden fruit in the garden of He^erides) is 
l3be name given to the fruit of the Orange, &c., in which the epicarp 
and mesocarp form a separable rind, and the endocarp sCTids prolonga- 
tions inwards, forming triangular ^visions, in which pulpjr cells are 
' d^dLoped so as to surround the seeds which are attached to the inner 
angle. Both Pepo and Hesperidium may be 
considered as modifications of the Berry. 

553. The Pome {pormrn^ an apple) seen in 
the Apple, Pear, Quince, &c,, is a fleshy fruit 
with the calyx adherent, and forming along 
with the epic^ and mesocarp a thick cellular 
■mass, whidi is eatable, while the endocarp is 
scaly or homy, and forms separate cells endos- 
ing the see^. The covering of the cdls is 
sometimes stony, as in the Me^ar (fig. 472), 
and the fi#y, forming wh^ has been called a Nucukmmm {mcula, a 
nut). In &e Medlar, the stony endocaips are called pyrenas 

^ rig. 470— lYnlt of common Medlar (ife^aihu germemica). Transverse section dioving, s, epl> 
i carp. «, Soieocaiik. fi, Endocarp fonnlnff stonj coveringa of the seeds. The fruit hae been 
~ nnelli^iiin, and the hard central pyinnea. 
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the stcme of the firdt). In Comvis mas (fig. 47fi), thcffe are twq stoey 
odls^ ^ surroimded by the fieshy epioan> and meaoGa^ and as they' 
are close together, and one is often abomve ; ^ , 

(fig. 473, 2, Z), there is a direct tranation 

554. Dehiscent aTncnrpons Vraits.— 

The Capsule {capsula^ a little chest). . This H||||Mf 

name is applied generally to all dry syn- ^ipr * 

carpous fruits, which open by valves or ^ 
pores. The valvular capsule is observed in ^ 

Digitalis (fig. 445), Hibiscus esculentus (fig. 449), Cediela angustifidia 
(fig. 450), Mahogany (fig. 451), and Cerastium visoosum (&g, 444). 
The porous capsule is seen in the Poppy, Antirrhinum majus (fig. 462)^ 
and Campanula persicifolia (fig. 461). Sometimes the capsule opens 
1^ a lid, or by circumscissile dehiscence, and it is then called a 
Pyxidium (pyxis,, a box), as in Anagallis arvensis (fig. 458), Henbane 
(fig. 459), and Lecythis. The capi^e assumes a spiral form in the 
Hclicteres and a star-like or stellate fi)rm in Illicimn anisatum. In 


certain instances, the cells of the capsule separate from each other, and 
open with elasticity to scatter the seeds. This kind of capsule is met 
with in Hura crepitans, and other Euphorbiacese, where the cocci, con- 
taining each a single seed, burst asunder with force (fig. 453); and in 
Geraniaceas, where the cocci containing more than one seed,* separate 
from the carpophore, and become curved upwards by their adherent 
styles (fig. 455). In the former cascj the fruit coUectively has been 
c^ed liegma (^ijyiiAch a rupture). 

555. Tlie Siliqm {siliqua, a husk or pod) (fig. 456), may be con- 
sidered as a variety of the capsule, opening by two valves ; these are 
detached fix)m below upwards, dose to the sutures, bearing thin parie- 
tal placentas, which are united together by a prolongation called a 
replwm,, or spurious dissepiment, dividing the fruit into two. The 
seeds are attached on either side of the replum, either in one row 
or in two. When tlie fruit is long and narrow, it is called SiHqua; 
when broad and short, it is called SilmUa, It occurs in cruciferous 
plants, as Wallflower, Cabbages, Cresses, &c. The siliqua may be 
considered as formed of two carpels, and two parietal placentas united 
together so as. to form a two-celled seed-vessel. Some say that in its 
normal state it consists of four carpels, and that two of these are abor- 
tive. There are four bundles of vessels in it, one corresponding to 
each valve, which may be called valvular or perkarpialy and othw ^ 
running along the edge called joZoesntoZ. . The replum consists of two 


Fig. 478.--€Tuit of ConiiiB mas, common Cornel 1. Transverse aecllcm detodiing the 
half df the fleshy portion, s, so as to show the central kernel n. 2. Transverse section of the ' 
flniit through the central mrtfon, n, shovr^ that it consisted of two loonlaments. 1% One ^ 
locolaments empty, the other containing a seed. g. 

* The individual cocci of Geraniacesa contain only one seed eocb. 



h^ofmdng/efksti^ 

/TOf a Wm At other l^es its central poilion is absorl^d, so 

Vj -J . l^ts which are the produce of several Flowers united. 

It sometimes hap^ns that the ovaries of two flowers tmite so 
foi^ a double fnut. This may be seen in many species of 
But the fruits which ore now to be considered, consist 
Ill^tkUy of the floral envelopes, as well as the ovaries of several flowers 
ul^d into one, and are called Multiple or Anthocarpous. 

;; 657. The Sorosis (ca^oe^ a congeries or cluster) is a multiple fruit 
iSlrmed by a united spike of flowers, which becomes succulent. The 
^dt of the Pine-apple (fig. 474) is composed of numerous ovaries, floral 
^velopes, and bracts combined so as to form a succulent mass. The 
S^es outside, c c, are the modified bracts and floral leaves, which, 
ishen the development of the fhiit-bearing spike terminates, appear in 
form ordinaiy leaves, and constitute the crown,,/; Other m- 

stances of a sorosis are the Bread- 
fruit and Jack-fruit. Sometimes a 
frait of this kind resembles that 
formed by a single flower, and a 
superficial observer might have some 
difficulty in marking the difference. 
Thus, the Strawberry, Mulberry, and 
Baspberry appear to be very like 
each other, but they differ totally in 
their structure. The Strawberry and 
Raspberry are each the produce of a 
single flower, the former being a 
succxdent edible receptacle bearing 
iufficenlii on its convex surface; the latter being a collection of drupes 
placed on a conical unpalatable receptacle; while the Mulberry (fig. 
475) is a sorosis formed by numerous flowers imited together, the 
calyces becoming succulent, and investing the pericarps. 

^ 668. Speonus a fig,) is an anlhocarpous fruit, m which the 

jcoa, or the extremity of the peduncle, is hoUowed, so as to bear 
tennerous flowers, all of which are united in one mass to form the 
fle^t. The Fig (fig. 246) is of this nature, and what are called its 
9^6^ are the achsenia or seed-vessels of the numerous flowers scattered 
ihe pulpy hollowed axis. In Dorstenia (fig. 245), the asds^is 

474-^A]ltllOcu;poB8 fmit of Anunanwa sativa, Pine-aj^le. Axis bearing numerons 
flowers, the ovaries or wbloh Ate combined with the bracts, o c, to form the^fruit /, Grpwn of 
?iaie Fine-apple ccq^Ming of empty bracts dr floral leaves. 

' Fig. 475.— Anthocarpoos fruit or the Mulberry, formed by the union of several' flowers. 
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less deeply hollowed, end of a harder tesctcire, Ihefi^ exhibiting 
very anomalons forms. 

bb9. ^robHus (trrpifit'hoe^ fir>CQne,) is a fruit-bearing spike more oi 
less elongated, covered wifh scales, each of whidi represents separah 
flowers, and has two seeds at its 
base (fig. 476), The scales may be 
consid^^ as bracts, or as flattened 
carpellary leaves, and tHe seeds axe 
naked, as there is no true ovary 
present with its style or stigma. 

This fruit is seen in the cones of 
Firs, Spruces, Larches, Cedars, <fec., 
which have recdved the name c^> 

CondfersB, or cone-bearing, on this 
account. The scales of the strobilus 
are sometimes membranous and thin, 
as in the Hop; at other times they 
are thick and closely united, so as 
to form a more or less angular and 
rounded mass, as in the Cypress 
(fig. 477); while in the Juniper 
they become fleshy, and are so in- 
corporated as to form a globular finiit like a berry (fig. 478), whid 
has received the name of Oalbulus (galbulus, nut of the cypress). 



560..^Tabulab Abbangement of Fbuits. 

A. Fruits formed from a single flower, and consisting of one or more Carpels 
either separate or combined; thus including Apocarpous, Aggr^ate* am 
Syncarpous Fruits. 


1. Indehiscent Pericarps. 


1. Usually containing a single seed : 



(Acbronium (Lithospermum). 

Separable from the seed,.... <Mericarv and Cremocarp in Umbellifei^e, 
4 and Vyp'sela in Composite). 

Acbmnia enclosed in fleshy tube of Calyx, Cgnarrhodm C^ose). 

Inseparable from the seed, Caryopsis (Grasses). 

Inflated JJtricle (Chenopodium). 

Having a cnpulate involucrnm, Gians (Acorn). 

^Having winged appendages Samara (Sycamore). 


Fig. 47S.— Gone <»f Pinus sjlvestiif), Scotdi Fir, con^sting of numerous bracts or floral leaver, 
each of which oovers two winged seeds. These seeds are called naked, in consequence of not 
being contained In an ovary, wlthA style or Stigma. 

Fig.'i77.— Cone of Cnpressoa sesnperviTens, Cypress: one of the Gymnospermotts or naKed*' 
seeded pliiuxto,' hkwtbe Pine. , , ^ ' 

Fig, 47a:~Saccii]ent cone or Galhulos of Jnniperus macrocaipa. eee^ Th^ dumr^t scales or. 
bracts united so as to enclose iflie seeda 


. TXttutix ■mw Of cxaposAOT. 

SdS.!^ 

D9^|M^ ippit^ ft Iwo-Tftlved 'Endocaep, having dmsions extending from its 
: ! m Dyma (Walnut). 

A|;^^te Drapes, Etcerio (Raspberry). 

^ X Dont^ning two or more seeds : 

1 £ Ovi^ notadherent to Calyx, Placentacentrid, .. .Uva ((xrape). 

'' ' S 6 — Plapenta parietal, . Papaw fruit. 

I'i «epa»blej. Hesperidium (Orange). 

S S . or Endocarp homy, covered by\ r 

MM] a fleshy Mesocarp and Epicam, / (Apple). 

n. Dehiscent Pericarps. 

ropening by Ventral Suture only, Follicle (Pssony). 

I Opening by Ventral and Dorsal Suture, Legume (Pea). 

Lomentum^ a Legume separating into distinct pieces, eadi containing a 
seed (Omithopus). 

Opening by two valves which separate from a Cen-> Siliqua (Cabbage). 

tral Replum or Frame, ...> Silicnla (Capsella> 

Opening by Transverse or Circumsdssile DehLscence,.Pyxidiam ( Henbane). 
Opening by several valves or pore?, without Ventral\ /Pnrmv^ 

or Dmaal Suture or Replum, / LapsuieQ^oppy). 

Capsule adherent to Calyx,... Diplotegia (Campanula). 

A long pod-like Capsule, Ceratium (Glaucinm). 

(^Opm^g by separation of elastic Cocci, .Regma (Hura). 

Fruits formed by the union of several Flowers, and consisting of Floral En. 
velopes, as well as Ovaries; these are Multiple or Anthocarpous. 

> , Hollow Anthocarpous Fruit. — Syconus (Fig). 

fformed by Indurated Catkin. — Strobilus (Fir 

Convex Anthooai^ous Fruit, I Succulent Spike. — Sorosis (Bread- 

fruit. 


7.— 'MATURATION OF THE PERICARP. 

p 

561. After fertilization, the parts of the ovary begin to swell, the 
flxramen of the ovule is more or less closed, the stigma becomes dry, 
and the style either withers and falls of^ or remains attached as a 
hardened process or apiculum; while the embryo plant is developed 
m tiie ov^ It has been stated that fruits, such as Oranges and 
C’rapes, are sometimes produced without seeds, Iti does not appear, 
there^e, necessary for the production of ftuit in all cases, that the 






process of fertilization ^onld be complete. In/^ealdng 
Oranges, Dr. Biillar states that the thinness <y£ the lind cxf « 

Orange, and its freedom from pdps, depend on the age of &e tree^ 
The young trees, when in full vigour, bear fruit ^th a thick pulpy 
rind and abundance of seeds ; but, as the rigour of the plant decline^ 
the peel becomes 'thiuner, and th^iteeds gradually dinunisla in number, 
till ^ey disappear altogether. 

562. While the fruit enlarges, the sap is drawn towards it, and a great 
exhaustion of the juices of the plant takes place. In Annuals, this ex- 
haustion is such as to destroy the plants; but if they are prevented from 
bearing fruit, they may be made to live for two or more years. Peren- 
nials, by acquiring increased vigour, are able better to b^ the demand 
made upon them during fruiting. If large and highly-flavoured fiuit 
is desired, it is of importance to allow an accumulation of sap to take 
place before the plant flowers. "When a very young plant is permitted 
to do so, it seldom brings fruit to perfection. WHien a plant produces 
fruit in very large quantities, gardeners are in the habit of thinning it 
early, in order that there . may be an increased supply of sap to that 
which remains. In this way, Peaches, Nectarines, Apricots, dbc., are 
rendered larger and better flavoured. When the ftmting is checked 
for one season, there is an accumulation of nutritive matter^ which 
has a beneflcial effect on the subsequent crop. 

563- The pericarp is at first of a green colour, and performs the 
same frmctions as the other green parts of plants, decomposing car- 
bonic acid under the agency of light, and liberating oxygen. As it 
advances to maturity, it either becomes dry or succulent. In the for- 
mer case, it changes into a brown or a white colour and has a quantity 
of ligneous matter deposited in its substance, so as to acquire some- 
times great hardness ; in the latter, it becomes fleshy in its texture, 
and assumes various bright tints, as red, yellow, &c. In fleshy fruits 
however, there is frequently a deposition of ligneous cells in the endo- 
caip, forming the stone of the fruit ; and even in die substance of the 
pulpy matter or sarcocaip, there are found isolated cells of a shnikr 
nature, as in some varieties of Pear, where they cause a peculiar 
grittincss. The contents of the cells near the circumference of succu- 
lent fruits are thickened by exhalation, and a process of endosmose 
goes on, by which the thiner contents of the inner cells pass out- 
wards, and thus cause swelling of fruit. As the fruit advances to 
maturity, however, this exh^tion diminishes, the water becoming 
free, and entering into new combinations. In aU pulpy fruits which 
ore not green, there are changes going on by which carbon is separ- , 
ated in combination with oxygen. 

564. Dzy fruits may remain attached to the ti^ for some time 
brfmre they are filly ripe, and ultimately separate by disardcnlat^i 

r\ i 'n_ .T . . .1 . .. . . 1 , 


SuccuieuL inxivs eamsaxi ^ l^ge qiiaiitity of 

or ligxiiae, saga^ matter or d^time, albmx^ 

or^^c as citr^ malic, and tmimic, , 
Imae axid alkaSneaubstances, besides a pul |7 gelatinous 
=Mtter, whi^ is converted . b]|^ ad^ into pectine or pectose, whence 
peclic add is foimed by the acdA of albumen. Pectiae is soluble 
in water, and ejdsts^in the pulp* fruits, as Apples, Pears, Goose- 
Baspberries, Strawberries, &c. Pectic acid is said 
to consist of (?* + HO. It absorbs water, andv is changed 

IKf^. a jelly-like matter; hence its use in making preserves.^ Each l^d 
^ '^^t is flavored with a peculiar aromal^ substance. Starch is 
X&i^y present in the pericarp of the fruit, although it occurs commonly 
ilk /the . seed. In Plantains, 3ananas, and ‘Bread-fruit, however, 
j^ecially when see^ess, th^e is a considerable qumtity of starchy 
letter, giving rise to mealiness when th^ fruits are pr^ared as 
fritters. Oily matters are also found in the cellular tissue of many 
fruits. Thils, a £s;ed oil occurs in the Olive, and essential oils in the 
Orange, Lemon, lime. Rue, Dictamnus^ i&c. 

566. During ripening, much of the water disappears, while the 
c^ulose or lignine, and the dextrine, are converted into sugar. The 
acids also combine with alkalies, and thus the acidily of the fiuit 
feniniahes, while its sweetness increases. In the Grape, when yoimg, 
&ere is abundance of tartaric add; but as the fruit advances to matu- 
this combines with potash, so as to diminish the addity. Certain 
^l^ts owe thdr aperient quai^es to the saline matter which they 
contain. In seasons when there is little sun, and a great abundance 
moisture, succulent fruits become watery, and lose their flavour, 
same iking frequently t^es place in young trees with abundance 
of sap, and in cases where a large supply of water has been given 
jBriifiddly. 

666. Ifre following analysis of the Cherry in its unripe and ripe state, 
as ipveh by Berard, exhibits generally the chemical composition of 
/fifuccolent fruits : — * 


J 


Unripe. 

0'05 

Ripe. 

Sugar* 


1»12 

18*12 

Gum pr <^p.«trinie 


.... fi’Ol ...... 

3*28 

Cellttlose 


2*44 

1*12 

Albuman.. 


.... 0*21 

0.57 

Malic acid 


.... 1*75 

2*01 

Xiiibe 


0*14 

0*10 

'^Water... * 


..••88*28 

74*85 



100*00 

100*00 


&ncm^ table ^ows tlw diange^ produced on the water, sugar, 
in 'lOQ parts <^.:iunipe SM ripe fruits 


■ '-'V ; ijS' ■ * ' \ 

,' ' ■ Watar. •«= '■ . 

TJnripe. •; trnripa. lUljie. 

ApSoot.; 89-89 74-87 ...i , * .8*64 14*48 

Pe«&.. ;:.90-31 80*54 ?0-6S U%1 

C3i«mefl :.88-28 74*85 1*12 18-12 

ftttma 74-87 71-10 ». 17-71 24-81 

Pean .....86*28 88*88 6-45 11*52 



567. It is not easy in all cases determino the exact ti:^ in 

the firoit is ripe. In dxy i&mts, the {leriod immediately denis- 
c^ce is considered as t^t of maturatioii ;"bat, in pulpy there 
is nmch nnc^iainty. It is nsual to say that edible fhrKs are rijpe, wheh' 
their ingredients are in such a state of combination as to give tho most 
agreeable flavour. This occurs at diflerent periods^m difl^r^t flruits. ' 
.M;er succulent fruits are ripe in the ordinary sense, so as toiie capable' 
of being used for food, they undergo further changes, by the oxirktion ^ 
of their tissues, even afl^er being separated from the plant. In some 
cases, these changes improve the qu^ty of the fruit,'as in the casejaf , 
the Medlar, the austerity of which is thus still flirther diminished. Id' ; 
the* Pear, this process, caUed by lindley (from the Frenjir» ' 

hle88i)y renders it soft, but stiU fit for food; while in the Apple, it 
causes a decay which acts injuriously on its qualities. By this proc^^ 
of oxidation, the whole fruit is ultimatdy reduced to a putr^active 
mass,'" iwhioh probably acts beneficially in promoting the germination 
of the seeds when the fruit drops on the ground. 

568. The period of time required for ripeniug the fruit, varies in ' 
different plants. Most plants ripen the^ fruit within a year from the 
time of the expansion of the flower. Some come to maturity in a few 
days, others require some months. Certain plants, as some ConifersB, ; 
require more than a year, and in the Metrosideros, the fruit remains 
attached to the branch for several years. The following is a general 
statement of tlie usual time required for the maturation of Afferent 
kinds of fruit : — 


Grasses 13 to 45 ^ 

Baspbeny, Strawberiy, Cheiiy SihoUtlis. 

Bird-cherry, Lime-tree .3 

Boses, White-thorn, Horse-chestnut 4 

Vine, Pear, Apple, Walnut, Beech, Plum, But, Almond, 5 to 6 

Olive, Savin .........7 

Colchicum, Hisletoe ,.8 to 9 ; 

Many Conifera, R lb to 12 ' ' 


SomeConiferse, certain species of Oak, Metrosideros, above 12 -4 . 

The ripening of fruits may be acce]m:ated by the application of hea%;;;^ 
by placing dark-coloured bricis below it, and by removing a ring 
bark so as to lead to an accumulation of sap. Trees are sometime#? 
made to produce fruit,, by checking theilr roots when too luxurian^;" ^ 
and by preventing the excessive development of brandies. 



the ftxut, by' the process 
vfiai^ ffi ecoonipiyild % taking a yonng twig or sdon, 
‘causing it to unite to a vigorous stem or stocky thus 
it to ^brive a larger supply of nutritive matter than it could 
!<ji3herW9M obtaim, and diecking its vegetative powers. In place of a 
^ catting, a bud is sometimes taken. In order that grafting 
soceei^aliY performed, there must be an a&ity between the 
ttrwfbxiid the stodc as regards their sap, Ac, It has often been sup- 


grwfbxid the stock as regards their sap, 4 &c. It has often been sup- 
posedtiiat any kinds of plants may be grated together, and instances are 
'laeotioz^ by Tirgil and Pliny, where different iruits are said to have 
bM; bor^^ on the same stock. This was probably produced by what 
(sdl Qr^ des eharlatamy — cutting down a tree within a 
tBstance of the ground, and then hollowing out the stump, and 
within it several young trees of different species ; in a few 
years they grow up together so as to fill up the cavity and appear to 
m one. The deception is kept up better, if some buds of the parent 
; have been ki^t alive. 

The object which gardeners wish to secure by grafting, is the 
improvement of the kinds of fruit, the perpetuation of good varieties, 
could not be procured fix>m seed, and the hastening of the period 
of the fruit-bearing. Grafting a young twig on an older stock, has the 
effect of making it flower earlier than it would otherwise do. The 


abcumiolation of sap in the old stock is made beneficial to the twig, and 
a chedt; is given at the same time to its tendency to produce leaves. 

571* Mr* Knight did much to improve frmts by grafting. He 
beheved, however, that a graft would not live longer than the natural 
> limit of life allowed to the tree from which it has been taken. In this 


way he endeavoured to account for the supposed extinction of some 
varieties of fruits, such as the Golden pippin, and many cider 
Sipples of the seventeenth century.* He conceived ^at the only natural 
inethod of propagating plants was by seed. His views have not been 
confirmed by physiologists. Many plants are undoubtedly propagated 
naturally by &LOots, buds, tubers, &c., as well as by seed ; and it is 
cmrtsdn that the life of slips may be prolonged by various means, much 
beyond the usual limit of the life of the parent stock. The Sugar-cane 
is propagated naturally by the stem, the Strawbeny by runners, the 
Ckmdb-grass by creeping stems, Potatoeis and Jerusalem Artichokes by 
^ tab^rsi^ the Ti^-lily by bulblets, and Achimenes by scaly bodies^ like 
[ixSsim, The fruits, moreover, which Mr. Knight tiiought had diSap-. 
such as Bed streak. Golden pippii^ and Golden Harvey, 
mid that they exhibit does not appear to proceed 

jlom old age, but seems to owing to other causes, as the nature 
^ the S(^. cold, violence, and mutiktion. Vines have been tnmsmitted 


* See Knight's B^rUcnltnral Fapen, Svo, London, 1641, p. 8L 



by parpetoal ihe time- ,. 

from 1i\^w k Mr. Knight’s garden, praikm^.. 

from old age, was planted in the Edinbixigh 

thirty years ago, and is now a vigorous tree, althon^ the cngi^iito^^ 

has long since undergone decayi It is true, however, that a e^ltiaQig 

taken from a specmien already exhausted by excessive desridopment 

of its parts, will partake of the impaired vigour of 

possess less constitutional energy than that taken hrozh it; 

572. In grakng, various me&ods have been adop^ 

is grafting hy approacti^ Gfr inarching^ when two growing phiits aw 
united together, and after adhesion one is severed from its own aia^' 
and left to grow on the other. T2ii$ kind of adhesion sometbnes takk 
place naturally in trees growing close together^ it is well seer^ OPjik 
fir-tree in the burying-ground at Killin. The branch of the swe tree 
may also be bent, so as to become united to the stem at two poizrta,^ 
Tliis is often seen in the Ivy. The roots of contiguous trees occasioi^ 
ally ijanite by a process of grafting, and to this is attributed tJk< 
conlinued vigour of the stump of Spruce-trees cut down on the 
mountaihs. This natural grafting of roots has be^ observed in tlk 
White Pine (Abies peetinatxi\ and sometimes in the Red Fine; 
excfilsa)^ as well as in the Scotch Fir (Pmm sylvestns), v j vv 

573. Tlie usual method of grafting is by scions or slips^ which ak; 
applied to. the stock by a sloping surface, or 'are inserted into 

in it by cUft-grafting^ or into perforations by miiAhe or pegrgrafiin^. 
Sometimes severd slips are placed in a circular manner, round the 
inside of the bark of the stock, by croion-grafting; or the bark of a; 
portion of the stock is removed, and that of the scion is hddowedi .ou^ 
so as to be applied over it like the parts of a flute, hence called 
grafting. BuMng is practised by the removal of a bud frmn o«ei 
plant, along with the portion of the bark and new wood, and apipl;^inj^k 
to another plant, in which a similar wound has been made. Grafting, 
is usually performed between the woody parts of plants, but^herba*, 
ceous parts may also be uifited m this way. The graft and stock are 
secured togetlier by means of clay, or a mixture of bees’-wax and 
tallow, or by bits of Indian rubber. 

574. By grafting, all our good varieties of apples have , been pro* 
duced from the Crab Apple. The seeds of th^ cultivated apples, when 
powBt, produce plants which have a#tendency to revert to the original 
sour Crab. Grafted varieties can only be propagated by cuttings, v 

influence. exercised by the stock is very maiked, and it is of great 
import^pe to select good stocks on wliich to graft slips. In this ww. : 
the fruit is often much improved by^ a process of ennobling^ as it 
called.^ The sdon also seems in some cases to exercise a rem^fcabke; 
eflect on the s^k. Slips taken from varieties With variegated leavC^,^J 
grafted on noh-variegated, have caused the leaves of 3ie latter 


JBED OB MATUBE OVULE. 

assiina^ 'Tariegatioii, and the effect, when once established, has con- 
even after the slip was removed. The effects of grafting arc 
w^ apen in the case of the Red Laburnum, when united to the Yellow 
The Red Laburnum is a hybrid between the common Yellow 
Labxtmuan and Cytisus purpureus, or the. Purple Laburnum. The 
branches below the grjdt produce the ordinary yellow laburnum 
Sowers of large size; those above exhibit often the small puiide 
laburnum flowers, as well as reddish flowers intermediate between the 
two in size and colour. Occasionally, the same cluster has some? 
Sowers yeUow and some purplish. 


8. — SEED OR FERTILIZED OVULE ARRIVED AT MATURITY. 


575. While the pistil undergoes changes consequent on the dis- 
charge of the pollen on the stigma, and ultimately becomes the fruit, 
the ovule also is transformed, and, when fully developed, constitutes 
the seecZ. After fertilization, the foramen of the ovule contracts, the 
embryo or young plant gradually increases in its interior, by the 
absorption of the fluid matter contained in the sac of the amnios, 
solid nutritive matter is deposited, and a greater or less degree of 
hardness is acquired. < Tlie seed then is the fecundated mature ovule 
containing the embryo, with certain nutritive and protective appen- 
dages. When ripe, the seed contains usually a quantity of starchy 
and ligneous matter, various azotised compounds, as caseiiie, vegetable 
albumen, oily and saline matters. It sometimes acquires a stony 
hardness, as in the case of vegetable ivory, the seed of Phytelephas 
macrocarpa. Care must be taken not to confound it with single- 
seeded pericarps, such as the Achacnium and Caryopsis, in which a 
style and stigma arq present; nor with bulbils or bulblets, as in 
Lilium bnlbifemm, and Dentaria bulbifera, which are germs or separ- 
able buds developed without fecundation. 

576. Seeds are usually enclosed in a seed-vessel or pericarp, and 
hence the great mass of flowering plants are called angiofq)ermmis 
AyyQu or AyyStov, a vessel, and awsQptot, a seed). In Coniferae and 


- Cycadacese however, tlie seeds have no true pericarpial covering, and 
fertilization takes place by the direct application of the 
pollen to the seed, without the intervention of stigma or 
Style. Hence the seeds, although sometimes jirotected by 
scales, are truly naked, and the plants are cdled gymnos- 
permous (yv^voV, naked, and a seed). Occasion- 

^ ally, by the early rupture of the pericarp, seeds originally 
covered become exposed. This is seen in Leontice, 


Ouphea, &c. In Mignonette, the seed-vessel (fig, 479) opens early, 
so as to expose the seeds, which are called seminvde. 


Fig. 479.— Fruit or capsule of Beseda opening eai'ly, so tiiat the ovules become semihude. 



SEED OE SllTUBE OVULE. 



577. Besides being contained in a pericarp, tbe seed bas its own! 
peculiar coverings. Like the ovule, it consists of a nucJma or 

and integummts. In some instances, although 

rarely, all the parts of the ovule are visible | 

in the seed, viz., the embryo- sac, or quintine, 
the quartine, the terciue formed from the 
nucleus, the scciindine, and the primine. 

In fig. 480, there is a representation of the 
seed of Nymphsea alba, in which s e indicates 
the embryo-sac, containing the embryo, e; 
n, the ceUular farinaceous covering (quar- 
tiiie), formed round the einbryo-sac ; m t, 
membrane formed from the nucleus (terciue); 
m 2 , the secundine; tj tJie primine. In general, 
however, great changes tiike place by the 
development of the embryo; the embryo -sac 
is often absorbcMl, or becomes incorporated 
witli the cellular tissue of tlie nucleus ; the 
same thing occasionally takes place in the 
secundine, so that in the ripe seed, all that 
can be detected is the embryo and two 
coverings. The general covering of the 
seed is called fipermodenn seed, 

and lioptu, covering). In order to correspond with the name applied 
to the covering of the fruit, it ought more properly to be denominated 
jiempertti (xg/ji, around, and seed). This latter term, however, 

has been ap]>ropria.ted to a cerUiin portion of the seed, to be afterwards 
noticed under the name of albunmt. 

578. The sNperuioderm usually consists of two parts, an external 

in&nihram^ called the epi^pet^n or testa (M, upon, or on the outside, 
and a seed, or testa^ a shell), and an intenial memh'cme^ called 

endaplewra {eulou, within, and side). The former may consist 

of a union of the primine and secundine, or of the primine only, when 
as occasionally happens, the secundine is absorbed ; the latter, of a 
combination between the membrane of the nucleus and the embryo- 
sac, or of one of tliese parts alone. Sometimes the secimdine remains 
distinct in the seed, forming what has been called a mesospenn (/ccgaog, 
middle) ; and when it assumes a fleshy character, it has received the 
name of sarcosperm or sarcodemi flesh). 

579. The ispispenu consists of cellular tissue, which often assumes 



in Tercine or memliraiie of the nucleuR Farinaceous external pcrisi>enn or aRmmeii formed 
by the nucleus, and probably constituting the quartine of Mlrbcl. s e, « e, Internal perlapenn 
or eudospenn Ibnned by the embryo-sac. e, The cinbrj^o. 



3C^RE OVUi-E. 

yaiSoiis.^burs,' an4 becomes more or less hardened by depositions in 
its Ju Abnis precatorius, and Adenanthera pavonina, it is 

of A bii^ht red colour ; in French beans, it is beautifnlly mottled; in 
the.Ainohd, it is veined; in the Tulip and Primrose, it is rough ; in 
the Snapdragon, it is marked with depressions; in Cotton and Ascle- 
piias, it has hairs attached to it; and in Mahogtmy and Bignonia, it is 
expanded in the form of wing- like appendages. In Salvia, CoUomia, 
Acanthodium, and other seeds, it contains spiral cells, from which, 
when moistened with water, the fibres uncoil in a beautiful manner, 
having a membranous covering. In the episperm of the seed of 
tjlmus campestris, the cells arc compressed, and their sinuous bound- 
aries are traced out by mmute rectangular crystals adliering to thoir 
walls. 

580. The findepleum is also cellular. It is often thin and trans- 
parent, but it sometimes becomes thickened. It is applied more or 
less closely to the embryo, and sometimes follows a sinuous course, 
forming folds on its internal surfiice, and separating from the episperm. 

When the embryo-sac remains distinct from tlie nucleus in the seeds, 
as in Nymphaea, Zingiber, Piper, &c., it forms a covering to which 
the name of vitdlus {vitellus^ yoUc of an egg) was given by Gaiitner. 

581. Airinii«. — Sometimes there is an additional covering to the 
seed, derived from an expansion of the fiiniculus or placenta after 
fertilization, to which the name arillm has been given. This is seen 
in the Passion-flower, where the covering commences at the base, and 

, proceeds towards the apex, Icaviug the foramen uncovered. In the 
Nutmeg and Spindle-tree, this additional cofit is said to commence at 
the side of the exostomc, and to proceed from above downwards, con- 
stituting, in the former case, the substance called mace ; and in the 



latter, the bright scarlet covering of the seeds (figs. 481, 482). In 
such instances, it has been called by some an arillode. This arillode, 
after growing downwards, may be reflected upwards, so as to cover 
the foramen. 

Fig. 48L--1. 2, 3, mid 4, Various states of the aiillus of Euonyinus, the Spindle-troe. Ihe 
Ugares riiow the mode in wliich it is developed from the edges of the foramen, a a a a, Arillode. 
// //» Foramen or exostome. 



SllED OR MATURE OVULE. 


582. On the testa, at Tarions points, there are produced at times 
cellular bodies, which are not dependent on fertilization, to which the 



1 2 4 


name of strophioles {sirophiolum.^ a little garland), or caruncules (carwL- 
fula, a little, piece, of flesh), has been given, the seeds being strophio- 
late or carunculate. These tumours may occur 
near the base or apex of the seed, they may be j. 
swellings of thc^ exostome, as in liicinus (fig. 483 c), 
or tliey may occur in the coiu'se of the raphe. j 

583. Seeds are attached to the placenta by 
mtjaiis of a funiculus or umbilical cord, which 
vari(?s much in length. Tn Magnolias it attains a 
great length, and when the seed is ripe it appears 
like a cord suspending it from the follicle. The 
point of the Seed by which it is miited to the cord 
or the scar left on its sepju’ation, is called the hilum or umhilicus^ and 
represents its base. It frequently exliibits marked colours, being 
black in the Bean, white in many species of Phaseolus, t^c. It may 
occupy a small or large surffice, according to the nature of the atUich- 
ment. Wliat constitutes the foramen of the ovule, becomes the 
niicropyh small, and tti/Ai?, gate) of the seed, with its exostome 

and endostome. Tliis may be recognizable by the naked eye, as? in 
th('. Pea and Bean tribe. Iris, &c , or it may be very minute and 
microscopic. It indicates the true apex of the seed, and is important 
as marking the part to which the root of the embryo is directed. At 
d»G micropyle in the Bean, is obs^ed a small process of integument, 
which, when the young plant sprouts, is pushed up like a lid, and is 

Fie. 482.— Development of the same arillus, <i, around the o^^lle, o, exhibited in a different 
position. ], 2, 3, 4, are four succesivc stages of development In fig: 4, the aiiilus has been cut 
vertically, to sliow its relation to the ovule, whitdi it surrounds completely. 

Fig. 483.— Vertical section of a carpel of Kiclnus communis, and of the seed which it contains. 
«, Pericarp. Z, Loculament /, Funiculus or umbilical cord, f, Integuments of the seed, having 
at their apex a caruncnlo, c, which is traversed by the small canal of the exostome. Tlie exos- 
tome does not correspond exactly with the endostome, which is immediately above the ndk;3e. 
r, Baphe. c A, Cbalaaa. |), Periroorm or albumen, the npppr portion of which only is seen 
€, Enibryo, with its radicle, er, and its cotyledons, e c. 
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called emhi^otega {tego^ I cover.) Tlie fibro-vascular bundles, from 
the placenta pass through the ftiniculus and reach the seed, eitluT 
entering it directly at a point called the omphalode navel,) 

which forms part of the hilum, or being prolonged between the outer 
and inner integument in the form of a raphe^ and reacliing the chalaza 
or organic base of the nucleus, where a swelling or peculiar expansion 
may often be detected, as in Crocus. In fig. 480, the spiral vessels, 
r, are seen entering the cord, f\ passing through the hilum, forming 
the raphe, r, between the testa, and endopleura, m z, and ending in 
the chalazal expansion, c. So also in fig. 484, where / is the funi- 
culus, r the raphe united to the hilum and clialaisa, e, whence ressels, 
t?, penetrate the seed. In some seeds, as Narthecium ossilragiim, the 
vessels are said not to appear tiU after fertilization, and in Habenaria 
^ viridis, none have been detected. The chalaza is often 

i of a difierent colour from the rest of the integuments. 

m ! 'V f Orange, it is of a reddisli-brown colour. Some- 

times, however, its structure can only be recognized 
\||'^\ by carefiil dissection. It indicates the cotyledonary 
extremity of the embryo. The hilum and chalaza 
^ ^ c may correspond, or they may be separated from each 
other and united by the raphe (fig. 484). Tlie raphe 
is generally on the side of the seed next the ventral suture. 

584. The positions of the hilum, micropyle, and chalaza, fire of 
importance in determining the nature of the .seed. The hilum is the 
base of the seed, and the micropyle its apex, while the chalaza is the 
organic base of the nucleus. Tlie hilum and chalaza may correspond, 
the micropyle being at tlie opposite extiemity, and then the seed is 
orUiotropal (oj^oV, straight). The seed may bo curved so that the 
micropyle is close to tlie hilum, and the chalaza, by the growth of the 
seed on one side, may be slightly removed from the hilum, then the 
seed is campyhtropal (isce^^rt/Tiof, curved). The micropyle may be 
close to the hUum, and the chalaza in tlie progress of development 
may be removed to the opposite end, then the seed is amiropal 

I reverse).* 

585. The position of the seed as regards the pericarp, resembles 
that of the ovxdo in the ovary, and the same terms are applied — erect, 
ascending, pendulous, suspended, curved, &c. (figs. 423, 424, 425, 
426, 420.) These terms have no reference to the mode in which the 
fruit is attached to the axis. Thus the seed may be erect while the 
.fniit itself is pendent, in the ordinary meaning of that term. The part 
of the seed next the axis or the ventral suture is its facey the opposite 
side being the bacL Seeds exhibit great varieties of forms. They 

* See f ^7, where thenc terms are more fully explained when treating of the ovule. 

Fig. 484.— .Seed of the Hazel. /, Funiculus, r, Raphe, c, Ohulozo. », Veins spreading in a 
' nidtating manner over the integuments of the seed. 
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may be flattened laterally, compressed; or from above downwards, 
depressed. They may be round, oval, triangular, polygonal, rolled up 
like a snail, as in Physostemon ; or coiled up like a snake, as in Ophio- 
caryon paradoxum. 

586. The great object of fertilization is the formation of the embryo 
in the interior of the seed. In general, one embiyo is produced, con- 
stituting what is denominated itw^wmh'ycmy one) ; but in Coni- 

ferae, Cycadacese, Misletoe, &c., there are frequently several embryos, 
giving rise to what is called polyembryony many). Sometimes 

two embryos become united together in the same seed. In the coni- 
f(?rous seeds, numerous corpuscles are seen whence the embryos pro- 
ceed. The process of fertilization has already been traced until the 
limbryo appears as a rounded cellular body, enclosed in the embryo- 
sac, and attached to a suspeiisor. In fig. 480, e is the embryo, and 
.s* e the embryo-sac. In tliis sac there is at first a mucilaginous fluid, 
the amnios^ in which cells are speedily developed, commencing on its 
inner surface, and extending towards the interior. The embryonic 
cell (fig. 485 1 ?), still attached to the sac by its suspensor, »9, contains 
in the ejirly state semifluid granular matter, which becomes organized, 
producing distinct nucleated cells (fig. 485, 2, e). These gradually 
multiply, and form at length a cellular mass, at first undirided (fig. 
485, 8, c), but afterwards showing a separation of parts, so that the 

1 2 3 48G 4SS 48$) 
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.axis and lateral projections or rudiments of leaves can be distinguished. 
In figs. 486 to 491, all the stages of the formation of embryo can be 

Vig. 480.- First development of the embryo of Draba vema. o. Sas^nsor, which in this plant 
i: very long, v. Embryonic or genninal vesicle. Embryo. 1. First stage, in which the 
Cinbiyonlc vesicle only is seen. 2. Second stagfa showing several cells formed in the embryonic 
vesicle. 3, Third stage, in which the embryo becomes more conspicuous in consequence of the 
formation of numei'ouB small cells. 

Hg. 48(i.— Monoc«tylcdonou8 embryo of Fotamogeton perfoliatus in its early stage, appearing 
as a vesicle or simple cell. 

Fig. 487.— The same farther advanced, showing radieJe, >•, gemmule or plnmule, and the 
cotyledon, c. 

Fig. 488.— Dicotyledonous embryo of (Enothera crassipcs in its early stage, appearing as a 
veside or cell. 

Fig. 489.— The some further advanced, showing three united utricles or cells. 

Kg. 490.— The same more developed, lowing numerous cella 

Fig. 49L— Tlie some in a more developed state, showing radicle, r, gemmule, and cotyle- 
dons, c c. 



if so twmpmm or axbumbn of the seed. 

traced ; appearing first as a simple cell (figs. 486, 488), forming others 
dn its interior (figs. 489, 490) ; and finally, the parts of the embryo 
becoming visible, as in fig. 491, where g r is the axis representing the 
stem and roots, and c c are the lateral projections, which arc developed 
as leaf-like bodies, called coiyUdom the name of a plant, 

having leaves like seed-lobes). 

, 587. JPerisperm or Aibnmeii. — ^As the embryo increases in size, it 
gradually causes absorption ofthe cellular tissue in the embryo-sac, and 
it is sometimes developed to such a degree as to reduce the nucleus and 
embiyo-sac to a thin integument. In such a case the seed consists of 
integuments and embryo alone. In Santalum, Os 3 rris, mid Loranthus, 
Griffith says the ovule is sometimes reduced entirely to a sort of embryo- 
nary sac. In Avicennia, the embryo, at its maturity, is on the outside of 
the nucleus and body of the ovule. In other cases it enlarges to a certain 
extent, filling the embryo-siic comph^tely or pfutially, and only encroach- 
ing slightly on the cells of the nucleus. The cells surrounding the em- 
bryo then become filled with a deposit of solid matter called albunmi^ 
consisting of starchy, oily matter, and nitrogenous compomids. To 
this matter some have applied the term periq)e7‘m around, and 

awgg/etefc, seed) ; others, that of endosperm (gVBop, within). The name 
pempiermic albumen^ or periaperm^ is often restiicted to that found in 
the cells of the nucleus alone (fig. 480 w) ; PMdosperrmc albumen^ or 
en^sperm^ to that found within the embryo-sac alone (fig. 480 s c), as 
in Chelidonium majus, Ranunculaceae, UmbeUifene, &c. Sometimes 
both kinds of albumen occur in the same seed, as in Nymphajacca^ 
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and Piperacesc. Schleiden states, ^hat in some instances the albumen 
is produced in the region of the chalaza. He also remarks, that endo- 
spermic albumen is common in Endogens. In some Scrophularias, the 

Fig. 49?.~Aiiatropfa mature seed of Hclleljorus niger cut vertically. Tlie embryo, c, is small 
as compared with tbe perisperm or albumen, p. t, Spermoderm or coverings of the seed. 

Funiculus. A, Hilum. c, Cnalasa. 

Iff. 4i93.— Mature seed of Diphylleia peltata, lowing an embryo, e, which occupies a larger 
non oi the seed than in hg. 494. Letters indicate the same parts as in the previous figure. 

Ig. 494.-— Bim seed of Berberis volgaiia exhibiting a larger embryo, e, as compared with tlie 
iq>enn, p* Letters as in figs. 492 and 493. 
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embryo-sac forms little cavities or bags, which in the ripe seed remain 
as appendages to the albumen. Seeds in which the embryo occupies 
the entire seed, are called exalbumimm {ex, without), as Composite, 
( Vuoiferaj, and most Leguminosaj, while others having separate albumen 
are albuminous. The larger the quantity of albumen in a seed, the 
smaller the embryo. In figs. 492 to 494, the relative proportion which 
the embryo bears to the albumen or perisperm in dififerent seeds is 
shown; e being the embryo with its H&tyledons and ypung root, p 
tlie perisperm, t the coverings of the seed, f the fimiculus or cord, 
h the hilum, and c the chalaza. In fig. 492, the embryo is minute, 
and occupies only a small part of the apex of the albumen ; in fig. 

493, it Ls larger, and has encroached on the perisperm ; while in fig. 

494, it is still more developed, much of the albumen having been 
absorbed. 

588. The albumen vaiies much in its nature and consistence, and 
furnishes important characters. It may be farinaceous or mealy, con- 
sisting chiefly of cells filled with starch (fig. 495), as in Cereal grains, 
where it is abundfint ; fleshy or cartilagitwus, consisting of thicker cells 
which are still soft, ,as in the Coco-nut, and which sometimes contain 
oil, as in the oily jdbumen of Croton (fig. 49 G), Ricinus, and Poppy ; 
Imny, when the matter in the cells is of a hard consistence, and often 
aiTanged in a cjoncentric manner, so as nearly to fill the entire cavity, 
as in l)ate, Ivory-Pdm, and Coffee. Tlie albumen may be uniform 
throughout, or it may present a mottled appeanmee, as in the Nutmeg, 
the seeds of Anonacesc, and some Palms (fig. 497), where it is called 



mmnated. Tliis mottled appearance depends on the endopleura or 
inner integument forming folds on which the albumen is deposited, 
and when the seed is ripe, these foldings of the membrane divide the 
albumen in a sinuous or convoluted manner. 


Fig. 495.— Section of a small portion of the farinaceous periderm or albumen of ZeaMais, 
Indian com. c c c, Celia fff. Grains of starch in tlie oella 
Fig. 49G.->Sectlon of a smaU portion of the oily periderm or albumen of Croton TigUnm. , 
c c c c, Celia kh h^ Drops of oil contained in the cella 
™g. 497.-— Vertical section of the fruit <rf Areca Catechu, c, Perianth. /, Pericarp. Rmni- 
1 perisperm or albumen, e, Embryo. 
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TAETS OF THE EMBRYO PLANT. 

589. The albumen is a store of matter laid up for the nourishment 
of the embryo. In the Coco-nut and double Coco-nut, it forms the 
great bulk of the seed, weighing many ounces, while the embryo is 
minute, weighing a few grains, and lies in a cavity at one extremity. 
In Coffee, the albumen is the homy portion, tlie infusion of which is 
used for a beverage. In Phytelephas it is called vegetable ivory from 
its hardness, and is used for the same purposes as ivory. In the homy 
albumen of this Palm, as w^ as in that of the Attdea funifera, the 
Date and the Doom Palm, the concentric deposition of secondary 
layers, leaving a small cavity in tlie centre of the cells, and radiating 
spaces uncovered with thickening matter, is well seen under the 
microscope. 

590. The embryo consists of cotyledom or rudimentary leaves, the 
plumule {plumula^ a Ji,ttle feather), or genunule {gemrm^ a bud), repre- 
senting the ascending axis, the radicle {radix^ root), or the descending 
axis, and their point of union the collnm, collar or neck ; that part 

of the axis which intervenes between the collar and cotyledons 

® being the caulicule (cauliculus^ a little stalk), or tigelle {tigellm a 
little stalk). Tlie embryo varies in its structui’e in the different 
divisions of the vegetable kingdom. In acrogenous and thallo- 
genous plants, it continues as a cell or spore, with granular, 
matter in its interior (fig. 498), without any separation of parts or 




the production of cotyledons. Hence these plants are called acotyle- 
donms (« privative » 0 Tv 7 ivi 6 aif)^ Endogenous and Exogenous plants. 


Fig. 488. — ^Aco^ledonous embryo of Marchantia polyinorplia. Such embryos bear the name 

4 W— Monocotyledonous embryo of Potamogeton porfoliatus nearly mature, r, Kadidc. 
if Caulicule or tigellua c, Cotyledon, g, Genunule or plumule. 

Fig. 500.---Matttre dicotyledonous embiyo of the common Almond, r, Radicle or ypung root. 
Fig. 601.— The same, with one of the cotyledons removed, r, Radicle. (, llgelle'cr caulicule. 
c, One of the cotyledons left, Cicatrix left at the place where the other cotyledon was at- 
tached. gt Oemmule composed of several small leaves. 
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on the other hand, exhibit a marked separation of parts in their 
embryo, the former havinp: one cotyledon, and hence being mono- 
coiyledonous (^ 0 *^ 0 ?, one); the latter two, and hence dicotyledonms {lie, 
twice). Thus, the whole vegetable kingdom is divided into three 
grand classes by the nature of the embryo. Fig» 499 represents a 
inonocotyledonous embryo, with its cotyledon, c ; while figs. 500 and 
501 , exhibit a dicotyledonous embryo, with its cotyledons, c c. 

591. The jiipore of acotyledonous plants (fig. 498) Is a cellular 
body, from which a new plant is produced. Germination takes place 
in any p,'irt of its surface, and not from fixed points. Some consider 
it as produced independent of any process of fertilization, others con- 
sider the union of two kinds of cells as necessary for its formation. 
When foniied, it sometimes presents filaments or vibratile cilia on its 
surface (figs. 431-484), by means of which it moves about in fluids like 
some of the Inliisoria. Wlien it germinates, these cilia disappeai*. 
Sometimes spores arc united in definite numbers, as in fours, sur- 
rounded by a cellular covering, or perisporc around, and 

a spore), or f<ponclium^ and thus forming the reproductive body called 
a tetnmpore (tst^us, four), which is common in Algae. 

592. isiiibryo. — ^In the embryo or corculum (corculum, a little heart), 

tlio first part formed is the am, having one of ihs extremities turned 
towards the suspensor, and the other in the opposite direction; the for- 
mer indicating the point whence the young root or radicle is to pro- 
ceed, and the latter that whence the leafy stem is to arise. As the 
first loaves produced arc the cotyledons, this stem is called the cotyle- 
donary extremity of the embryo, wdiile the other is the radicular. 
The radicular is thus continuous with the suspensor, iuid consequently 
points tm^ai’ds the micropyle (fig. 494 7^), or the simimit of the nu- 
cleus, an important fact in practical botany; while the cotyledonary, 
being opposite, is pointed towards the base of the nucleus or the 
chakiza (fig. 4 94 e). 1 lence, by ascertaining the position of the micro- 

pyle and chalaza, the two extremities of the embryo can in general 
be discovered. In some rare instances, in consequence of a thicken- 
ing taking pkee in the coats of the seed, as in Ricinus (fig. 483), 
and some Euphorbiaceaj, there is an alteration in the micropyle, so 
tliat the radicle does not point directly to it. 

593 . The part of the axis which miites the radicle and thd cotyle- 
don or cotyledons, is denominated ^aulicule or tigelle (figs. 499 7, 
501 t). This is sometimes very short. From the point where the 
cotyledons are united to the axis, a bud is developed (in the same 
way as from the axU of leaves) ; this bud contains the rudiments of 
the true or primordial (primus^ first, and ordo^ rank) leaves of the plant, 
and has been called plumule or gmmule. This bud may be seen 
usually lying within the cotyledons. Thus, in fig. 501, the embryo 
of the Almond exhibits the gemmulc, lying on one of the cotyle- 
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dons, the other having been removed and leaving a cicatrix, * c ; while 
in fig, 499, the gemmnle, of Potamogeton peribliatns, is covered by 
the single cotyledon, c. 

594. The gemmule as well as the cotyledon are sometimes obscurely 
seen. Thus, in Cuscuta (fig. 502), the embryo appears as an elon- 
gated axis without divisions ; and in Pekea 
butyrosa (fig. 508), the mass of the em- 
bryo is made up by the radicular extremity 
and tigelle, in a grove of which, s, the 
cotyledonary extremity lies embedded, which 
when separated, as in the figure, shows only 
very small cotyledons. In some monocotyle- 
doiious embryos, as Orchidacca?, it requirc^s 
a microscopic examination to detect tlu^ 

(N)tyledonary leaf. 

. 595. monocotyledonons Embiro* — In this embryo, the single cotyle- 
don in general encloses the gcramulc at its lower portion, and exhibits 
on one side a small slit (fig. 504/), -which indicates the edges of the 
vaginal, or sheathing portion of the cotyhidonary leaf. The 
embryo presents commonly a cylindrical form, rounded at the 
extremities, or a more or less elongated ovoid (fig. 504). At 
first sight there seems to be no distinction of parts ; but on 
careful examination, by moistening the embryo, and making 
a vertical section, there will be detected, at a variable height, 
a small projecting mammilla, buried a little below the surface. 
This is the gemmule which marks the tei’mination of the axis. 
From the lower extremity proceeds the radicular portion (figs. 
499 t r, 504 r), which may be said to represent both*the tigeUe 
and radicle. The upper portion or chalazal end of the em- 
bryo, is the cotyledon (figs. 499, 504 c), which is sheathing at 
its base, so as to enclose the gemmule. The length of the radiciilar 
portion, or that below the gemmule, varies. It is usually shorter than 
the cotyledon, and is denser in structure ; but in some instances it 
becomes much larger, giving rise to what has been called a macra- 
podouB embryo long, and urotJ?, a foot). Thus, in fig. 505, 

t represents the long radicular portion in the young state, whence 
ultimately the root, /•, proceeds. Occasionally, the radicular portion 
becomes very thick and hirge, i^o as to form a considerable portion 
of the embiyo; and in all monocotyledons, it may be considered as 

1 ^, 50aL— spiral embryo of Cuscuta or l>od(ler. 

■ 603.— Embiyo of Pekea, butyrosa. «, Thick tlgcllc or caullcule, forming nearly the wliole 

becoming m^^rowed and curved at its extremity, and applied to the giooye, a In the 
^ e this nshrovf^ portion is slightly separated rrom the groove, c, Two < rudimentary 
yledons. 

. 604.— Embryo of Triglochin Borrelieri r, Radicle. /, Slit corresponding to the gemmule. 

r, Cotyledon. * 
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an enlarged maBunillary projection, whence the rootlets proceed by 
bursting through it, and, carrying with them a covering or sheath 
(1[ 127, fig. 124.) ^ . 

696. When considering endogenous or j 

inonocotyledonous stems, it was shown that I 

the leaves are produced singly and alter- a 

nately, in a sheathing manner, each em- li 

bracing tlie subsequently developed bud. U ^ 

So it is in the monocotyJedonoiis embryo. B ^ 

There is a single leaf or cotyledon pro- Bli 

duced, and if in any instance there is more Blr — 

than one, it is alternate with the first aS 

formed. The cotyledon (fig. 504 c) is fln 

folded either partidly, as in Dioscorca, or JH 

completely. Its shcatliiiig portion (vaginfi) K 

embraces the bud or gemmule, which m 

appears as a mammillary projection; its Si 

position being indicated by a cleft or slit ml 

(fig. 504 /), where the edges of the sheath |f| 

unite. All the portion of the embryo above ) / 

the gemmule, is the cotyledon; all below, 
the radicle. II 

597. UJcotyledonons Kmbryo. — ^Tlie form -1 

of this (imbiyo varies much ; and although 
sometimes resembling in its gcnend aspect |I 

that of monocotyledons, yet it is always 

distinguished by a division taking place at S 

the cotyledonary extremity,, by which it is ^ 

separated into two, more or less evident, ^ 

lobes. The parts i>f this embryo are easily ^ 

traced in the Beau, Pea, Acorn, and Almond. 

In the latter (fig. 500), the embryo has an 

oval form, consisting of two thk^k cotylc- 

dons, c Cj and a radicle, /•. When one of 

the cotyledons is removed (fig. 501), leaving ^ 

scars, i c,* the gemmule or plumule, (/, is 

seen included between them, with its cauli- 

cuie or tigelle, t, •• ^ 

598. The cotyledons, are not always, ^ 

however, of the same size. Tlius, in a 505 

species of Hira 3 a (fig. 506), one of them, c\ is smaller than the other; 
and in Ciuupa guianensis (fig. 507), there appears to be only one, 

Fig. 605.~^Monocotyledonons erntryo of Zannichollia paluAtria germinating. ii% Ccdlum or 
neck, the point intermediate between the atem or tigelle, and the radicle or root, r. c, Ctotyle- 
don. Gemmule or plumule. • 
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in consequence of the intimate union which takes place betw’’ec:n 
the two as indicated by the dotted line, c. Tlie union between the 
cotyledonary leaves may continue after the young plant begins to 
germinate. Such embryos liave 'been called psmfh-mormcotyledorwus 
false.) When there are two cotyledons, they are opposite to 
each other. In some cases there are more than two present, and then 
they become verticillate. This occurs in Coniferse, espechilly in the 
Fir (fig. 508), Spruce, and Ljirch, in which six, nine, twelve, and even 

2 


r 
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fifteen have been observed. They are linear, and resc^mble jn tlieir 
fonh and mode of development the clustered or fasciculated leaves ol* 
the Larch. Plants having numerous cotyledons are occasionally deno- 
minated Duchartre thinks that tlie mnltiple cotyle- 

dons of the Firs are not verticillate, but occur in two opj)ositc groups, 
placed like two ordinary cotyledons. Hence he considers the plants 
to be truly dicotyledonous, with the cotyledons deeply divided into a 
number of segments. Between the two cotyledons there is a slit which 
is well seen in I^iiius Pinaster and excelsa. Tlius, the arrange- 
ment of the cotyledons follows the same law as that of the leaves in 
dicotyledonous or exogenous plants, being opposite or verticillate? 
according to the mode of formation of the axis. 

599. The texture of the cotyledons varies. They may be thick, as 

in the Bean, exhibiting only slight traces of venation, with their flat 
internal surfaces in contact, and their backs more or less convex; or 
they may be in the form of thin and delicate larnincc, flattened on both 
sides, and having distinct venation, as in Ricinus (fig. 509), Jatropha, 
Euonymus, &c. In the former Case they are called or seminal 

lobes; in the latter^ j^Zzaccoy/5, or seminal leaves. 

600. CotyledottaS^ usually entire and sessile. But they occasionally 

Fig. 606.— ETObr35i3y Ilireoa Sfilziiiunniana, cut Tcitically, to show the inequality of the two 
otytedons, one of c, foims almost tlic whole mass of tlic embryo, c', Tiic small coty lo- 

on. gf Gemmule or plumule, r, Radicle. 

Fig. 607.— Embryo of Garapa guianensis, cat vertically, to show the union of the cotyledons, 
he mstinction between which is only indicated hy a faint line, c. r, Rmliclt;. g Gemmule. 

-AOS. — Embryo of Fir. 1. Taken from the seed. 2. Beji^nning to germinate, r, Radicle. 

, which ai’e numerous; the plant being polycotyledouous. 
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])ocoiiie lobed, as in the Walnut and the Lime* (fig. 610), where the 
cotyledon, 6*, has five lobes; or petiolatc, as in Geranium molle (fig, 
611 1?) ; or auriculate, as in the Ash (fig. 512 o). Like leaves in the 
bud (see Vernation, % 184), cotyledons may be either applied directly 
to each other (fig. 5()9), or may be folded in various ways. In the 
Almond (fig. 500) they lie in the direction of the axis. In other cases 
they are folded laterally, conduplieate (fig. 513); or from apex to base, 
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redinate (fig. 205 a); or rolled up laterally, so as partially to embrace 
each other, convolute (fig. 514); or rolled up like the young fronds of 
terns, ciremate (fig. 515). In these cases, both cotyledons follow the 
same direction in their foldings or convolutions; but, in other in- 
stances, they arc folded in opposite directions, resembling the equitant 
(fig. 205 m) and semi-cquitant (fig. 205 n) vernation. 

COl. The radicle may be either straight or curved, and, in pju*ticular 
instances, it gives a marked character to the seed. Thus, the divisions 
of tlie order Cruciferaa are founded on the relative position and folding 
of the radicle and cotyledons. In the di\’ision Pleurorhizem (•zrTisv^d, side, 

609.- - Kmbryo of Ricinns comTniinia taken out of tlie seed (see flg. 48.3J, and cut trans- 
vt s scly. Tlic two* halves are separated so as to sl^ow tlie two cotyledons, c, applied to eadi other. 
♦ . Radicle. 

Fip. 510.— Enjhrj'o of the Lime, r, Radicle, c, One of the divided or palmate cotyledons. 

Fig. 511.— Einbi-yo of Geranium inollc. r, Itadicle. r, Cotyledons attached to tiie collar by 
a stiQk or petiole, p. 

Fig. 612.— Embryo of the Ash. f\ Radicle, r, One of tlie cotyledona o o, Auricular appen- 
dages to the cotyledon. . 

Fig. 613.- -Emliryo of Rmssiea oleraceo, Cabbage, r, Radicle, c, Cotyledon. 1. Entire embnro, 
2. Embryo cut transversely, showing tiic cotyle-dons fohled on the radicle or conduplicate. The 
radicle is dorsal, or on the hack of the cotyledons. 

Pig. 614. — Embryo of Punica Granatum, Pomegranate, cut into halvea The upper half 
removed to show the convolute cotyledona r, Radicle. 

Fig. 616.— Circlnate embryo of Bunios orientiUia 



TOOt), &e cotyledons are applied hj iheir faces, and the 
xajSide (figs, 516, 517 r) is folded on their edges, so as to be lateral^ 
’while ihe cotyledons, c, are accumhmt {accumbo, I lie at tlie side). In 
NotorhkecB {varovt back), the cotyledons (fig. 518 c) are applied to each 



other by their faces, and the radicle /*, is folded on their back, so as 
to be dorsal^ and the cotyledons are incambmt {incumho^ I lie upon or 
on the back). In Ortho'plocem straight, and ttT^okos, a jdait), the 

cotyledons are conduplicate (fig. 513, 1, 2, r), while the radicle, r, is 
dorsal, and enclosed between then’ folds. In other divisions, the radicle 
is folded in a spiral manner (fig. 515), and the cotyledons follow the 
same coiu'sc. In the Dodder (fig. 502), the embryo appears as an 
axis without divisions, having several turns of the spiral on different 
planes. 

602. The seed sometimes is composed of the embryo and integu- 
ments alone, the former being either straight or fold(.‘d in various ways, 
as already shown. In other cjises there is an addition of perisperm or 
nutritive matter, in greater or less <|uautity, according to tlie state of 
development which the embryo attains (figs, 402, 403, 404). When 
the embryo is surrounded by the perisperm on all sides except its 
radicular extremity (fig. 494), it becomes interml or intmrius {intra, 
within) ; when lying outside the perisperm, and only coming into con- 
tact with it at certain points, it is external or eMrnrius [extra^ without). 
Wlien the embryo follows the direction of the axis of the seed, it is 
axile or axial^ and it may be either external^ so as to come into contact 
with the perispenn only by its cotyledonaiy apex (fig. 510), or inUrmil 
(figs. 492, 493, 494). In the latter case, the radicular extremity may, 
as in some Coniferae, become incorporated with the perisperm appa- 
rently by means of a thickened suspensor. When the embryo is not 
in the direction of the axis, it becomes abaxile or abaxial (fig. 520 e ) ; 

Fig. 516.— Embryo of a Pea, cut transversi^ly. UpiHir half separated to show tlic fleshy acenm- 
bent cotyledons, c. r, Kadicle applied laterally. 

^ Fig, 617.-it-Embryo of Isatis tinctoria. c, Accumbent cotyledons, r. Radicle. I. Embryo 
iitire. 2. Transverse section of the embiyo. 

Fig. 518.— £mb;^o of Oheiranthus Gheiii, Wallflower, c, Incumbent cotyledons, r, Radicle. 
. Embryo entiia 2. Transverse section of the embryo. 



POSmOH A3n> FORM OF THE EMBBTO. , 289 

and in this case it may be either straight or cnrved (fig. 521), internal 
or external. La the straight seed of Grasses, the perisperm is abun- 
dant, and the embryo lies at a point on its surface, immediately below 



the intognments, being straight and external. In Campylotropous 
ovules, the embryo is curved, and in place of being imbedded in peri- 
sperm, is frequently external to it, following the concavity of the seed 
(fig. 522), find becoming periplicrical I carry round), with 

the chalaza situated in the curvature of the embryo. 

G03. It lifis been already stated, that the radicle of the €5mbryo is 
directed to the micropyle, and the cotyledons to the chalaza. In some 
cases, by the growth of the integuments, the former is turned round 
•so as not to corresporrd with the apex of the nucleus, find then the 
embryo has the ra^cle directed to one side, and is called arcentricj as 
is seen in Primulacea^., Plantaginacea^, and many Palms, especially the 
Date (fig. 520). The position of the embryo in difierent kinds of seeds 
varies. In all cases the radicle or base of the embryo points more or 
less directly to the micropyle, while the cotyledonary extremity is 
directed towards the chsxlaza. In an orthotropal seed, then, the em- 
bryo is inverted or antitrojyal ccifri, opposite, I tuni), the radicle 

pointing to the apex of tlie seed, or to the part opposite the hilum 
(fig. 521). Thus, fig. 523 represents an orthotropal seed of Sterculia 
lialanghas, attached to the pericarp, p c, by the funiculus, f. The 
chalaza and hilum fire confounded together at c A, the micropyle being 
at the opJ^ osite end. The integuments of the seed, f, cover the embryo 
with its p jrisperm, p s ; tlie cotyledons, c, point to the hilum and 
chrdfiza ; while the radicle, r, points jio the micropyle, and the embryo 

Fig. 619.— Grain of Carex depanperata, cut vertically, t, Integnmenta Pertspenn. c,’ 
Embryo. 

Fig. 620.— Sped or kernel of the Date, Pcii8i)erm or homy albumen, e. Embryo. 1. En- 

tire seed. 2. Seed cut transversely at the iwint where the embryo, is situated. 

Fig. 621.— Winged fiuit of Rumex, eut vciticaUy, to sliow the abaxile or abaxiol slightly 
cni*yed cmbrj'o. 

Fig. 522. — Carpel of Mirabilis Jalapa, cut vertienMy, with the seed which It containa flf, Peri- 
carp crowned with the remains of the style, a <; Integuments of the seed or spermoderm. 
c, PerlphericaJ embryo with its radicle, r, and its cotyledons, c. p, Perisperm or Albumen snr- 
Founded by the embryo. 
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1 % tkoB ox mverted. A^ain, in an anatropal seed (figs. 493, 

494), 'where the znicropyle is close to the hiltim, and the chalaza at 

the opposite extremity, 
the embryo is erect or 
homotropal {ofcoios, like, 
and T^iTra, I turn), the 
radicle or base of the 
embryo being directed to 
the base of the seed. In 
some anatropal ovules, as 
in Castor oil (fig. 483), 
the exostome is thickened 
or carunculate, c, and the 
endoi^ame does not correspond exactly to it, so that the radide, e r, 
of the embryo is directed to a point a little removed from the exostome. 
In curved or campylotropal seeds (fig. 419), the embryo is folded so 
that its radicular and cotyledonary extremities are approximated, and 
it becomes amphitropal around, and Tpi'X’Ut I turn). In this 

instance the seed may be exalbuminous, and the embryo may be 
folded on itself (fig. 524) ; or albuminous, the embryo surrounding 
more or less completely the perisperm, and being peripherical (fig. 

522). In fig. 524, the seed of Erysimum cheiranthoides 
is shown, with the chalaza, c Zs, and the hilum, A, nearly 
confounded togetlier, the micropyle, m, the embryo occu- 
pying the entire seed, with the radicle, r, folded on the 
cotyledons, c, which enclose the plumule, g. Thus, by 
determining the position of the hilum, chalfiza, and 
micropyle, the direction of the embryo may be known. 

604, According to the mo3e in which the seed is at- 
tached to the pericarp, the radicle may be directed up- 
wards, or downwards, or laterally, as regards the ovary. 
In an orthotropal ovule attached to the base of the peri- 
carp, it is superior (fig. 521). So also in a suspended 
anatropal ovule, as in fig. 483. In other anatropal ovules, 
as in figs. 492, 504, 525, the radicle is inferior. When the ovule is 
horizontal as regards the pericarp, (fig. 523), the radicle, r, is either 



Vig. 6!i3.--Orihotropa1 seed of Sterctdla Balahghas, cut Inngitudincdly, with the portion of the 
pericarp, p c, to which it is attached. /, Fuiiiculns. c h, Chalaza and hilum confounded together. 

Integnraents of the seed, or spermoderm. p s, Peiis])erm, the summit of which only is seen. 
e, One of the Cotyledons. The other cotyledon has heen removed to show the gemmme, ff. r. 
Radicle which is directed to the foramen at the apex of the seed. The embryo is antiti-opal or 
Inverted. 

Fin ^:-^ampylotropal seed of Erysimum cheiranthoides, cut longitudinally, Micropyle. 
e hf Chalaza not fsr removed from the hilum, h. t, Testa or episperm. m i, Inner covering of 
the seed or endopleura. r, Radicle, c. Cotyledons.- p, Gemmule. The embryo is curved or 
amphitropal. 

Iig. S25.— Vertical section of the carpel of Trigloohln Barrelieri. p, Pericarp crowned hy 
the sessile stigma, «. p, Seed. /, Ifhoiculus. r. Raphe, c, Chalaza. 
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centrifilgal, when it pointis to the outer wall of the ovaiy; or centrip- 
etal, when it points to the axis or inner wall of the ovary. 

9.— FUNCTIONS OF THE SEED. 

605. The seed contains the embryo or germ, which, when placed in 
favourable circumstances, is developed as a new plant. The embryo 
is usually of a whitish or pale colour, resembling the perisperm when 
present, and sometimes scarcely distinguishable from it at first sight. 
Occasionally, however, it is of a greenish or yellow hue. Instances 
of this occur in the perispermic or albuminous seed of Euonymous, and 
the ap&iHspennic or exalbuminous seeds of most Cruciferas. The 
changes which take place in the composition of the seed, and in its 
coats, are with tlje view of protecting the embryo from vicissitudes of 
temperature, moisture, &c., and of laying up a store of nourishment 
for its atler growth. The coats become thickened and hardened by 
the deposition of ligiiinc; and in its interior, starch, nitrogenous 
compounds, phosjdiatcs, and sulpliates, besides oily and fatty matters, 
various organic acids, tannin, and resins, are found. The specific 
gravity of the seed is much increased, so that it usually sinks in water, 
and it becomes more capable of resisting decomposition, and preserving 
the vitjility of the embryo. 

606. Wlien set'ds are matured, they axe detached from the plant in 
various ways. They separate from the funiculus at the hilum, and 
remain free in the cavity of the pericap, which either falls along with 
them, or opens in various ways so as to scatter them. Ibe ela^city 
with wliicli sonu* seed-vc'SseLs open during the process of desiccation is 
very great. It may be seen in llura crepitans, Common Broom, and 
Cardamine. In the Geranium (fig. 455), the seed vessels are coiled 
upwards on the elongated beak, find in this way the seeds are dropped. 
In the succulent fruit of Momordica Elaterium, or squirting Cucum- 
ber, the cells vary in their size and contents in different parts; some 
containing tliick matter become distended at the expense of others 
with thinner contents, and the force of endosmose ultimately causes 
rupture of the valves at their weakest point, viz., where they are 
united to the peduncle.* When this takes place, the elasticity of the 
valves sends out the seeds and fluid contents with great force through 
the opening left by the separation cf the pedmicle. In the Impatiens 
or Balsam, the seed-vessel opens with force by a similar process, the 
five valves curving inwards in a spiral manner, in consequence of 
the distension of the outer large cells. The seeds are dischai^ed be- 
fore they are dry. In the case of Mignonette (fig. 479), the seed- 
vessel opens early, so as to expose the seeds; and in Cuphea, the 
placenta pierces the ovary and floral coverings early, so as to render 
the seeds naked. 



292 GERMINATION — ^REQUISITES FOR IT. 

607. Wind, water, animals, and man, are instrumental in the dis- 
sennnation. of seeds. Some seeds, as those, of Mahogany, Bignonia, 
Tecoma, Pine, Asclepias, Epilobium, and the Cotton plant, have winged 
or feathery appendages, by means of wliich they are wafted to a dis- 
tance. The same thing occurs in some indehiscent seed-vessels, as 
the samara of the Sycamore and Ash, and the achsBnia of Dandelion, 
Thistles, &c. Moisture, as well as dryness, operates in the bursting of 
seed-vessels. The pod of the Anastatica, or liose of Jericho, and the 
capsule of some Mcsembryantliemums, exhibit the effects of moisture 
in a remarkable degree. Animals, by feeding on fleshy fruits, the 
kernels of which resist the action of the juice of the stomach, dis- 
seminate seeds ; and man has been the means of transporting seeds 
from one country to another. In some cases, the periciirj)s ripen their 
seeds under ground, and are called hfpocat'pogeaa (*5wd, under, xagsroV, 
iriiit, and yga, ejirth). This is seen in the Arachis hypogaea, or 
Ground-nut. Others, as Vicia amphic'.arpos, have both aerial and 
subterranean fruit. Many seeds are used for food by animals, and a 
great destruction of them takes place from decay ; but this is compen- 
sated for by the vast number produced, so as to secure the continuance 
of the species. The quantity of seeds produced by many plants is 
very great. In single capsules of Poppy and Tobacco, upwards of 
40,000 have been counted. 

608. aerminauon. — ^Tlie act by which the embryo of a seed leaves 
its state of torpidity, and becomes developed as a new plant, is called 
germination (germinaiio^ vspringing). In order that this process may go 
on, a certain combination of circumstances is necessary. The chief 
requisites are moisture, air, and a certain temperature. Exclusion 
from light is also beneficial. 

609. Moisture is necessary in order that the nutritive matters m«*iy 
be taken up in a state of solution, and that certain changes may take 
place in the seed. Dry seeds will not germinate. The quantity of 
water absorbed by seeds is often very large. Dccfmdolle found that 
a French bean, weighing 544 milligrammes, absorbed 756 of water. 
The swelling of Pease by absorption of water is familiar to aU. The 
kernels or seeds by this means are enabled to burst their stony coverings. 

,610. The temperature required for germination varies in different 
seeds. Some demand a tropical heat, others are satisfied with the 
warmth of our spring. In general, the requisite temperature may be 
said to yefsj from 60° to 80° F. Some seeds can bear a temperature 
which would kill others. Some have been known to germinate after 
exposure for a short time to the heat of boiling syrup ; others after 
exposure to a cold* of — 39° F. Many plants grow in the immediate 
vicinity of very hot springs, others in cold regions. Edwards and 
Colin, from their experiments, were led to fix 95° F. as the highest 
limit of prolonged temperature which cereal grains can bear in water; 
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and 113® F. as the highest they can bear in sand or earth. Wlieat, 
Oats, and Barley, are said to thrive in any country where the mean 
temperature exceeds 6.5® F. The spores of certain cryptogamic plants 
are especially fitted for cold countries. Edwards and Colin fotmd that 
seeds in a dry air bore a higher temperature than in water or steam. 

611. Air^ or rather oxt/tjeiij was shown by Scheele to be necessary 
for germination. Seeds deeply buried in the soil, and excluded from 
air, do not spring. The depth at wlucli seeds should be sown, varies 
from half an inch to two inches, according to the nature of the soil. 
The following experiments were made by Petri : — 


Seed sowii to tJje 
depth «)f 

inch 

1 — 

2 — 

Caine almve gi*f)uii<l 
ill 

18 — 

No. of plants that 
came up. 

all. 

3 — 

20 — 


4 — 

21 — 







6 — 

23 — 

l-8th. 


Shallow sowing is thus proved to be the best. 

612. Seeds, when buried deep in the soil sometimes lie dormant 
for a long time, and only germinate when the air is admitted by 
the process of subsoil ploughing, or other agricultural operations. 
When ground is turned up for the first time, it is common to see a 
crop of white clover mid other plmits spring up, which had not been 
previously seen in the locality. After the great tire in London, plants 
sprung up, the seeds of which must have long lain dormant ; and the 
same thing is obseiwed after the biu*ning of forests, and the dndning 
of marshes. Gardner says that the nmue c(q)oeira is given in Brazil, 
to the trees which spring up after the burning of the virgin forests 
(rmtos virgens and capoes\ and that they are always very distinct 
from those which constituted the original vegetation. Mr. Vernon 
Harcourt mentions a case where turnip seeds lay in a dormant state 
for seven or eight years, in consequence of being carried down to a 
great depth in the soil. On the Calton Hill, at Edinburgh, when 
new soil was turned up some years ago for building, a large crop of 
Fuitiaria micrantha sprung up ; and seeds gathered from under ax 
ft U. of peat>moss in Stirlingshire have been Imown to genninate. Mr. 
Kemp mentions the germination oft seeds found at the bottom of a 
sand-pit 25 feet deep, which he concludes from various circumstances, 
to have been deposited more than 2000 years ago. Tlie seeds were 
farinaceous, belonging to the natural order Polygonaceae. A weak 
solution of chlorine is said to accelerate germination, probably by the 
decomposition of water, and the liberation of oxygen. 

613. is favourable to geimination. Seeds genninate best 
when excluded from light. M.. Boitard showed this by experiments 
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on Anricola seeds, some of which were covered by a transparent bell- 
jar, others by ajar of ground glass, and a third set by ajar enveloped 
in blkck cloth. The last 'germinated most rapidly. Mr. Himt says 
that the luminous or light-giving rays, and those nearest the yellow, 
have a marked effect in impeding germination ; the red or heat-giving 
tays are favourable to the process, if abundance of water is present ; 
while the blue rays, or those concerned in chcniicfd action or actmism, 
accelerate the process and cause rapid growth. His experiments were 
performed by making the sun’s rays pass through different kinds of 
coloured glass. He beli(^ves that the scorching effect of the sun on 
leaves may be prevented by the use of blue glass, and that a high 
temperature might be obtained by red glass. He has suggested a 
pale-green glass made with oxide of copper, as that best fitted for con- 
servatories. By this means he expects that the scorching rays of 
light will be excluded, while no hinderance is given to the passage of 
the others ; the green colour being a compound of yellow or luminous, 
and of blue or chemical rays. A delicate emerald-green glass has 
been employed lately at his suggestion, in glazing the large Palm- 
house at Kew. 

614. Some have said that eUctridty prevents germination, but facts 
are wanting to confirm this. The experiments of Dr. Fyfe,* Mechi, 
Coventry, and others, have shown that the statements made in regard 
to the efficacy of electro-cultme are erroneous. 

615. In order that plants may germinate vigorously, moisture, heat, 
and air must be supplied in due proportion. If any of them are de- 
ficient, or in excess, injury may be done. It is of great importance, 
therefore, in agricultural operations, that the ground should be well 
pulverized, the seeds regularly sown at a proper and equal depth, and 
the soil drained. Pulverized soil, when examined, is found to consist 
of small partidcs having cavities in their interior, and separated from 
each other by interstitid spaces. In a very dry soil, all these cavities 
are fiiU of air ; in a very wet undrained soil, they are fiill of moisture ; 
while in a perfectly drained soil, the interstices are full of air, while 
the particles themselves arc moist. The seed in such a soil is under 
the influence of heat, air, and moisture, and is excluded from light. 
Hence it is in very favourable circumstances for germination. Frost 
has an important , effect in pulverizing the soil, by the expansion of the 
water contained in the particles, ^hen it is converted into ice. Snow, 
again, acts in giving a covering to the young plant, protecting it from 
intense frost and sudden alternations of temperature, and by its slow 
melting allows the plant to accommodate itself to the mild atmosphere. 
Snow contains often much oxygen, 

616. If a field is not equally planted, the seeds will sink to different 
depths, and will spring up very irregularly. The seeds should be 

* See Trans, of Soc. of Arts, vol. ill. part IL p. 109. 
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placed at a depth not greater than two inches. Dramin^ acts not 
merely in removing superfluous moisture, but in allowing a constant 
renewal of nutritive matter, more especially of ammonia and carbonic 
acid from the atmosphere, in giving a supply of air, and in keeping 
up a proper temperature in the soil. In an undrained soil the water 
is stagnant, and there is little supply of fresh nutriment, and much 
cold is produced. Of late there has been a discussion as to whether 
shallow or deep draining is the best. Much depends on the nature of 
the soil, and it is impossible to lay down any flxed rule applicable to 
all cases. Mr. Smith says that drains in very stiff soils shoidd be 
flftcen feet apart, and in very light soils thirty or forty ; the depth 
being from thirty to thiity-six rriclios, and the main drains six inches 
deeper than the parfdlel ones. In extremely stiff clays, he makes 
drains two and a half feet deep. He was the first to advocate the 
system of parallel drains, or what is called thorough-draimng. 

617. viiBlity of Seeds. — Some seeds lose their vitjility soon, others 
retain it for a long time. Coffee seeds, in order to grow, require to be 
sown iipmcdiately after ripening. On the other hand, Melon seeds have 
been known to retain tlieir vitality for npvrards of forty years, and those 
of the Sensitive plant lor more than sixty years Oily seeds in general, 
lose their vitality qidckly, probably from their povrer of absorbing oxy- 
gen, and the chemical chang<*s thus induced. Considerable discussions 
have taken place as to the length of time during which seeds will retain 
thefr germinating powers. Lindley mentions a case in which young 
plants were ndsed from seeds found in an ancient barrow in Devon- 
shire, along with some coins of the Emperor Hadrian ; and M. des 
Moulins relates an instance of seeds capable of germinating, which 
were discovered in a Roman tomb, supposed to be fifteen or sixteen 
centuries old. In these insfcmces, it is to be remarked, that the seeds 
were protected from the influences required for growth, and were pre- 
served in circumstances which cannot be easily imitated There seems 
to be great doubts as to the seeds found in catacombs of Egypt, 
and in mummy cases, having actually produced living plants. 'Ae 
statements relative to Mummy Wheat are not fiilly confirmed, and 
there are many sources of fiillacy. 

filfi. With the view of preserving seeds, it is of importance that 
^hey should be thoroughly ripened, kept in a unifonn temperature, 
and in a dry state, and not directly exposed to the oxygen of the air. 
They are oJ^n best kept in tlieir seed-vessels. The hard coverings, of 
many foreign legumes, and of the cones of Firs, &e., seem to be of im- 
portance in preserving the germinating power of seeds. Seeds not 
fhUy ripenefj. are very apt to decay, and are easily affected by moisturar . 
Seeds, although fit for food, may have lost their germinating power. 4 
Com, pulse, and farinaceous see^ generally will live for a long timfe'*^/ 
if gathered ripe, and preserved quite dry. In sending s^ds from ^ 
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foreign countries, they should be put into dry papers, and exposed 
free ventilation in a cool place ; as, for instance, in a coarse bag sus^ 
pended in a cabin. Oily seeds and those containing much tannin, as 
beech-mast, acorns, and nuts, must not only be ripe and dry, but also 
must be excluded from the air. When transported, they are often put 
into dry earth and sand, and pressed hard, or preserved in charcoal 
powder, the whole being covered with tin, and put into a stout box. 
Some have suggested their preservation in henneticdly-sealed bottles 
full of carbonic acid gas. Seeds enveloped in wax sent from India 
germinated well. They had been kept for three months, and were 
quite firm and fresh. They did not sprout for a mouth, but afterwards 
grew strong and healthy. Seeds sent in cotton and brown paper had 
grown considerably in their transit, and, when potted, grew fast, but 
soon displayed symptoms of debility. Spanish chestnuts and filberts 
have been sent enveloped in wax to the Hiinalayahs, and are now 
growing there. Cuttings of fruit trees, with their ends enveloped in 
wax, were also sent, and arrived in a living state. In this way also, 
apples, pears, and plums have been sent. 

G19. M. Alphonse DecandoUe made experiments on the vitality of 
seeds, lie took 368 species of seed, fifteen years old, collected in the 
same garden, and sowed them at the same time, and in the same 
circumstances as nearly as possible. Of the 368, only seventeen ger- 
minated, and comparatively few of the species came up. The following 


are the results : — 

Malvacea: 


...10 species. 

Per cent 

....0*50 

LegummosaE; 

9 — 

...45 — . 

....0*20 

Labiates 


...30 -- . 

....003 

Scrophuiariacesc 


..10 — . 

....000 

Umbelliferac ; 

0 — . — 

...10 — . 

...o-oo 

Carjophyllace® 


...16 — . 

....000 

Graminese 

0 — — 

...32 — . 

....000 

Craciferse 


...34 — . 

....000 

CompositsB 


...45 — . 

....0*00 


In 357 species, of which the duration of life was known, the results were: 


Annuab 

...9 came up out of... 

...180 species.. 

l*ei* cent. 
....50 

, Biennials 

...0 — — ... 

... 28 — .. 

....0-0 

Perennials 

....4 — — ... 

,...105 — .. 

....3-8 

Ligneous 

- - - 

... 44 — .. 

....6*7 

or it may be thus given — 

16 

357 

4*4 

Percent 

Monocarpic 

...9 came up out of... 

...208 species.. 

....4-3 

Polycarpic* * 

...7 — ~ ... 

...149 — *.. 

....4-7 


16 

357 

4-4 

« For an explanation of these terms, see ^ 634. 
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620. Woody species thus seem to preserve the power of germinat- 
ing longer than others, while biennials are at the opposite end of the 
scie ; perennials would ai)pear to lose their vitality sooner than an- 
nuals. Large seeds were found to retain the germinating power longer 
than small ones, and the presence or absence of separate albumen or 
perisperm did not seem to raalce any difference. Compositae and Um- 
beUifersB lost their gcrniinating power very early. From these experi- 
ments, DecfmdoUe concludes that the duration ol‘ vitality is frequently 
in an inverse proportion to the rapidity of tlic germination. This 
subject is now being investigated by a committee of the British Asso- 
ciation, under the direction of Professor Daubeiiy. 

621. €hemlcfi.l changed daring Germination. — ^During the process 
of germination, certain changes take place in tlie contents of the seed, by 
which they are rendered fit for the nourishment of the embryo. In 
exalbuminous or aperispermic seeds, where the embryo alone occupies 
the interior, these changes are effected })rincipally in the matters stored 
up in the cotyledons. In albuminous or perispcmiic seeds, on the 
other hand, the changes occur in the substance of the perisperm. One 
of the most remarkable of these changes is the conversion of starch into 
dextrine and grape sugar by a process of oxidation, the object being 
the conversion of an insoluble into a soluble substance. A nitrogenous 
compound, called Diastase (If 310), is developed during germination, 
and is said to act on the starch. ThLs diastase may be probably a por- 
tk>n of gluten passing into a stale of decomposition, and acting as a 
ferment. The change of starch into dextrine and sugar is referred 
by chemists to catalytic action, or the action of contact, and to the 
influence exercised by diashise and other matters in making a new 
arrangement of the molecules. While this conversion of starch into 
sugar proceeds, oxygen is absorbed, carbonic acid is given off, and 
heat is produced. These phenomena axe well seen in the malting of 
barley. The changes produced in the air by germinating seeds have 
been investigated by Saussure, wlio showed that in all cases carbonic 
acid was evolved at the expense of the carbon of the seed. 

622. When aU the requisites for germination are supplied, the seed, 
by the absorption of moisture, becomes softened and swollen. When 
albumen or the perisperm is present, it imdergoes certain chemical 
c hanges by the action of the air and water, so as to be rendered fit for 
Uie nutrition of the embryo. Tlies® changes consist partly in the con- 
version of starch into sugar, and are accompanied with the evolution 
of carbonic acid, and the production of heat. As the fluid matters are 
absorbed by the cells of the embryo, the latter continues to increase 
until it fills the cavity of the seed, and ultimately bursts tlirough the 
softened integuments. In cases where there is no perisperm, the exal- 
buminous embryo occupies the entire seed, and the process of germi- 
nation goes on with greater rapidity. The embryo speedily swells,. 
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ruptures the integument, and is nourished at the expense of the 
cotyledons, which are often fleshy, containing much starchy matter, as 
in the Bean and Pea, along with oily matter, as m the Nut and Eape 
seed. There are thus two stages of germination — ^that in which the 
embryo undergoes certain changes within the seed itself, and that in 
which it protrudes through the integuments and becomes an indepen- 
dent plant. 

623. The embryo then, nourished at the expense of its perisperm 
and cotyledons, continues to grow, and usually protrudes its radicular 
extremity (fig. 526, 1) in the first instance, which is nearest the sur- 
fece, and next the micropyle. Tliis, which in the embryo is very short, 
and confounded with the caulietdus so as to form the first intemode, 
becomes thickened by addition to its extremity (fig. 526, 2), and the 
division between the ascending and descending axis becomes more 
marked. The caulicule or axis also elongates, bearing at its summit 
the plumule, which now appears outside the integuments (fig. 526, 3, 

^ ^)> formi’^g the second intemode, either 
accompanied by the cotyledons, or 
leaving them still within the seed coats. 
In the latter case, the cotyledons are 
usually fleshy and of a pale colour, 
,..|r and become gradually absorbed like 
|l the perisperm. In the former they 

^ assume a more or less leafy aspect, 

exercising the functions of leaves for a 
certain period, and ultimately decaying. While the radicle descends 
towards the centre of the earth, producing roots of a pale colour, the 
plumule has a tendency to ascend, forming the leafy axis, and assum- 
ing a green colour under the influence of light and air, 

624. i>irectioii of Plamvie and Radicle.— Y arious attempts have been 
made to explain the ascent of the plumule, and the descent of the radicle, 
but none of them are satisfactory. Physiologists have not been able 
to detect any law to which they can refer the phenomena, although cer- 

agencies are obviously concerned in the effects. Some have said 
that the root is especially influenced by the attraction of the earth, while 
the stem is influenced by light. Experiments have shown that the 
direction of the root is not owing to the moisture of the soil, and that 
the ascent of the stem is not due to^the action of hght and air ; for roots 
descend, and stems ascend, even when the latter are placed in contact 
with the earth, and the former submitted to the action of light. Knight 

Fijr. 52eL-'GcrmJnation of the dicotyledonous apcrispermic seed of Acacia Jnlibrlssin. e, 
^ermodorm or testa, r. Radicle of the emhrya t, Ticellua or cauliculus. c, Cotyledons, g, 
Ctemmule or plumule. 1. First stage : in whidL the radicle ruptures the envelope or qpermoderm, 
and appears externally at the micropyle. 2. Second stage: where the parts of the emhiyo are 
further disengaged from the covering, the summit of the cotyledons only being retained by the 
iqiermoderm. A Third stage: where the embryo is entirely disengaged from the enve^pe or 
gp^rmoderm, and the cotyledona, c c, are separated so os to exhibit the plumule, g. 




DIRECTION Ot PLUMULE AND RADICLE. 299 

thinks that the direction of stem and roots may be traced to the state of 
the tissues. When a branch is horizontal, the fluids gravitate towards 
the lower side ; a vigorous growth takes place there; the tissues enlarge, 
and, by increasing more than those on the upper side, an incurvation 
is produced, the convexity of which looks downwards, and thus the 
extremity of the branch is directed upwards. Again, in the root the 
increase takes place by the extremity, and the fluids by their gravity 
cause this to retain always a descending direction. A similar explana- 
tion is given by Dodjirt. Dutrochet refers the phenomena to endos- 
mose, which varies in its effects according to the comparative size of 
the cells in the centre and circumference of an axis. In young stems 
with lai'ge pith, the central cells are larger, and they dimmish towards 
the circumference ; whereas in roots, accordiag to him, the diminution 
takes place in the reverse manner. Large cells distend more rapidly 
than small ones ; and, according to their position in the axis, will thus 
cause curvature outwards or inwards, tlie largest occupying the con- 
vexity of the arch, the smallest the concavity. When a branch or root 
is laid horizontally, the force of endosmose is weakened on the lower 
side, and, consequently, will cease to neutralize the tendency to incur- 
vation on the upper side, which will therefore be directed either up- 
wards or downwards, according to the position of its layers of smdl 
cells, — ^in the case of a branch with Lirge central cells, curving upwards ; 
and in the case of a root with larger hemispherical cells, downwards. 

625. These explanations do not appear, however, to be altogether 
satisfactory. It is known that the stem is directed upwards, the root 
downwards, but, as yet, physiologists have not been able to ascertain 
the laws whicli regulate them. Tlie tendencies of the root and stem 
arc not easily counteracted. When a seed is planted in moist earth, 
and suspended in the ah*, the root will, in the progress of growth, leave 
the earth and descend into tlie air in a perpendicular direction, while 
the stem will pass tlirough a quantity of moist earth in an upward 
direction. If their positions are reversed they will become twisted, so 
as to recover their natural positions. 

626. The eflect of light on the stem may be illustrated by the 
growth of plants in circumstances where a pencil of light only is 
admitted on one side. Experiments on this subject have been made 
i>y Payen, Dutrochet, and Gardner, lliey consider the blue rays as 
those which have the greatest effect 0n the plumule. Hunter observed, 
that if a barrel filled with earth, in the centre of which arc some 
beans, be rotated for several days horizontally, the roots pointed in a 
direction parallel to the axis of rotation. Knight* put Mustard seeds 
and French beans on the circumference of two wheels, which were 
put in rapid motion, the one in a horizontal, and the other in a vertical 
manner; and be found that, in the former, the roots took a directioii 

* See Knight's Horticnltuial Papers, London, 1841, p. 124. 
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intermediate between that impressed by gravitation and by the centri- 
fugal force, viz., downwards and outwards; while the stems were 
inclined upwards and inwards. In the latter, where the force of gravi- 
tation was neutralized by the constant change of position, the centri- 
fugal force sicted alone, by which the roots were directed outwards, at 
the same time that the stem grew inwards. To explain these results, 
there must be allowed — 1. A more or less liquid condition of tlie new 
parts of the young plant. 2. A different density in the different parts 
of the latter. 3. A tendency of the denser parts of new plants, during 
germination, towards the root. On the vei’tical wheel, the parts of the 
young plants submitted to the centrifugal force only, had their roots 
or densest parts at the circumference. On tlie horizontal, the effect 
was intermediate between centrifugal force and gravity. The upper 
side of leaves is under the influence of light in a marked degree, 
for, when placed in the reverse posititwi by the turning of a branch, 
they twist round so as to resume their natural exposure. During 
darkness, on the contraiy, many leaves fold in such a way that their 
lower surface is exposed. Some plants grow indifferently in all direc- 
tions at the period of germination. The IMisletoe and other parasites 
direct their radicles towards the centre of the tree or plants to which 
they are attached, while tlie plumule grows perpendicularly to the 
surface. 

627. REmiocotylcdoii^ns ctenninatlon. — ^In Monocotyledons, there is 
generally a perisperm present, ofben in large quantity, and in them 
the cotyledon remains more or less within the seed at the period of 
germination. The intra-seminal portion of the cotyledons, as in Canna, 
and especially in the Coco-nut, becomes developed as a pale cellular 
mass, which increases much, and absorbs the nutriment required for 
the embryo. In some Monocotyledons the perisperm disappears en- 
tirely ; in others, as in the Phytelephas or Ivory Palm, while certain 
soluble matters are removed, the perisfjerm still retains its original 
form. The intia-seminal part may be said to correspond to the limb 
or lamina of the cotyledonary leaf. The extra-seminal portion, corre- 
sponding to the petiole, becomes ofben much elongated, as in the 
double Coco-nut, and ends in a sheath which envelopes the axis or 
cauliculus, and the plurntda Sometimes, however, there is no marked 
elongation of the cotyledon, the sheath being at once formed on the 
outside of the seed, so that the plttmule and radicle are, as it were, 
sessile on its surffice. These phenomena are well seen in Canna 
indica (fig. 527), where e is the envelope of the seed; p the perisperm 
or albumen; c the intra-semmal portion of the cotyledon, which 
absorbs the nourishment; pc the petiolary or extra-seminal portion 
of the cotyledon, which varies in length, and may be wanting; v the 
sheathing portion of the cotyledon, fi:om a slit in which, the plumule, 

prots^je^ Bupporied on the axis or cauliculus, t ; while the radicles. 
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r and r\ pierce the mtegument at the base,, and are each covered with 
a separate sheath, c o, called coleorhiza (fig. 124). In aperispermic 
Monocotyledons, as Alismaceae and Potameae (fig. 505), the cotyledon 
does not remain within the seed, but is raised above the ^ound, c, 
giving origin to the plumule, which is at first enclosed in its sheath. 





C28. Tlius the cotyledon follows the development of leaves. Its 
limb is first produced, and is cither pushed above ground, or is con- 
fined within the si^ed. In tlie latter case it is arrested in its progress; 
subsequently, a shcrath is formed which may cither be a direct con- 
tinuation of the limb, or may bo separated from it by a petiolary 
portion. When the limb is confined in the seed, and cetises to be 
d<*vclopcd, the sheath olten continues to grow, forming a marked 
covering of the axis. The roots in Monocotyledons during germina- 
tion (fig. 1 24 t* /•), pierce the radicidar extremity of the embryo, and 
become covered with sheaths or coleorliizas, c c, formed by a super- 
ficial layer of cellular tissue. As the radicular'extremity thus remains 
within the embryo, and sends out radicles from its surface, the plants are 
said to be endorhizal (llvlovf within, and a root). Sec % 127. 

629. Dicotyledonouii Germinatioo. — ^In Dicotyledons, the cotyledons 
generally separate from the integimients, and either appear above 
ground in the form of temporary leaves (figs. 5^8, 529 c c), which differ 
in form from tlie permanent leaves of the plant (fig. 529 ^), or remain 
below as fleshy lobes. In the former case they ai*e qngeai (ew-i, upon or 
above, and yg«, the earth) ; in the latter case (as in Beans, Arachis, 
&c.), they are hypogeal (y^ro, under), llie cotyledons usually separate, 
but sometimes they are united, and appear as one. In all cases, the 

Ki^. 527.— GcnniJifttion of the monocotyledonous porlspermic seed of Canna indica. The seed 
5’ cut to sliow the relation between the porisiicnn ainV^he embryo at different stages, tlie for- 
r.er diminisliing,. wliile the latter increases, e, ■Envelope or spermodenn. o, Its upper part, 
which is separated like a lid or oi>erculum, to aUow the passage of the radicle. />, Perisperm or 
albumen, c, Cotyledon, r, Radicle or young root, r' r', Secondary radicles, c o, Coleorhiza or 
sheath of Uie routs. /, Slit indicating the position of tlie gemmule; at this slit an elongated 
sheath, e, is protruded, p c, Narrow portion of the cotyledon -(corresponding to the petiolary 
Iiortion), inteimediate between its enlarged portion, c (corresponding to the lamhni or limb of 
the leaf), and its slieathing or vaginal portion, i\ t, Tigellus or cahfliculua < 7 , Ceimnule or 
plumule. 1. First stage, in whicli the radicle, r, begins to appear through the integunienta 0? 
spermoderm. 2. Second stage, where the slit,/, is seen also on the outer surfac-e, indicating the , 
situation of the gemmule. The true radicle, r, has pierced the envelope of the seed, end at ItQ 
base shows a small sheath or coleorhiza. One of the small radicles, r'.is also sccu with a colqo- 
rhiza. 3. Third stage, when all the parts are more developed, and the gemmule, gr, appears dH 
the outside vi the slit,/, the edges of which are prolonged ui the form of a sheath or va^a, 9 , .* 
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phimule {figs. 528, 529 g) proceeds from between the two cotyledons, 
and does not pierce through a sheath as in monocotyledons. The 
root (fig. 528 r) is a direct prolongation of the axis, <, in a downward 





direction, separating fropa it at the collar, m, and the embryo is here 
exorhizal (e^a, outwards). Sec % 126. 

In Acotyledons, the spore (fig. 530) has no separate embiyo in its 
interior, but ^Ssrminates from any part of the surface; hence it is called 
heterorhizal {erepog, diverse). See If 128. The spore may be considered 
as a cellular embryo rather than a seed. 

630. Some seeds commence the process of germination before being 
detached from the plant. Tliis occurs in a remarkable degree in the 
Mangrove trees, or Rhizophoras, which grow at the muddy mouths of 
rivers in warm climates. Coco-nuts often begin to genninate during 
a voyage from the tropi6s to Britain, and germinating seeds have 

Fig. 528.->GeTminatloTi of the dicotyledonoas embryo of Atter Kegimdo. m, OoUttin, collar or 
neck, r, Hoot t GaulictUe or stem, c c, Cotyiedona g. Geminule or plumule. 

Fig. £29.— Upper part of the same embryo more developed, c c, Cotylcdoua g, Gemmole, 
*the first leaves of wmeh are already expanded, t, Oaulicuie or stem. 

Fig, £30— Acotyledonous embryos or roores of MarcbantiapolymoTpha, genninaiing. L Spore 
in fbe eaxly stage of germination. 2. In a more advanced stage. The (mores are ample cells, 
..VMch. tiongate during germlnatiou at some point of their surface. They are beterorhizal. 
They may be compared to naked embryos rather than to seeds. 
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been found in the interior of Gourds, as well as the fruit of Caiica 
Papaya, the Papaw. 

631. Proiiferoos pimta. — ^In place of seeds, some plaiiiis produce 

buds which can be detached and produce separate individuals. Flowers 
which are thus changed into separable buds, are called proUfercma 
(proles^ offspring, and fero^ I bear), or viviparmis alive, and 

parioj I produce). They are met with in. many alpine grasses, as 
Festuca ovina, var, vivipara, Aira caesjuiuNa, var. alpina, Poaalpina, &c., 
as well as in Alliums, TrifoUimis, &c. Buds of a similar kind may be 
produced on the edges, or in the axil of leaves, as in Byrophyllum 
calycinum, Malaxis ptdudosa, many sy)ecies of Gesnera, Gloxinia, and 
Achimenes; and the bulbils of Liliuni, Ixia, and Dentaria, seem to be 
peculiar forms of buds, capable of being detached, and of assuming 
independent growiih. Buds, however, diffTer from embryos of seeds 
in the direction of the roots being towards the axis of the plant, 

632. The length of time required for the protrusion of the radicle 
varies in different plants. Some seeds, as garden cresses, germinate in 
the course of twenty-four hours, others require many days or many 
months. Seeds with hard coverings, or a stony pcrisperm, may lie 
dormant in the soil for a year or more. The Ibllowing experiments 
were made in the Geneva garden, on vsecds similarly watered, and ex- 
posed to a medium temi>eraturc of 53® F. it was ascertained that 
one half of the species of the following families germinated alter tlie 
lapse of the number of days here mentioned: — 


Ainaranthaceae, 9 days. 

Crucifera*, 10 ~ 

Boraginacea*., Caryophyllaceas Chenopodiacetr, Malyaccse,...!! — 

Compositiv,, Convolvulacea;, Plantaginaccixs, 12 — 

Polygonaceai, 13 — . 

Oampannlacca;, Leguminosa;, ValcrianaceaB, 14 — 

Gramineae, Labiatic, Solanaccse, 15 — 

Bosacese, 17 — 

Ranunculaceoe, 20 — 

Antirrhinums, Onagrariaceae, 22 — 

Umbelliferae, 23 — 


Temperature has a great effect in accelerating germination. Thus, 
Erigeron caucasicura, at a temperature varying from 49® to 53®, gcr- 
niinated in ten days; at a temperature from 66® to 72®, in two days; 
Dolichos abyssinicus, at the formci temperature, in ten days, at the 
latter, in three; Zinnia coccinea, in twenty-two, and five days respec- 
tively. 

633. Dnmupii of the i^ife of Plants. — Plants, according to the 
duration of their existence, have been divided into anwml^ 
and permmal. The first of these terms imports thatthe seed germinate^; 
and that the plant produces leaves and flowers, ripens its seed, aiicl 
perishes within twelve months; the second, that a plant gernfr^lt^' 
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and produces leaved the first year, but does not produce a flowering 
stem, 'no*; ripen its seed, till the second, after which it perishes; 
while the third intimates, that the process of flowering and fruiting may 
be postponed tfll the tliird year, or any indefinite period, llie first 
two exercise the function of flowering in general only once, while 
the last may do so several times before dying. Under different 
dimates, however, and under different inodes of management, the 
same species may be annual, bicnnhil, or even perennial. Thus, 
Wheat in this country is annual if sown early in spring, but biennial 
if sown in autumn; in hot climates, Lolium perenne proves annual; 
the Oastor-oil plant in this country is annud, while in Italy it is a 
shrub of several year’s duration; the annual Mignonette, by removing 
its flower-buds the first year, and keeping it in a proper temperature 
during the winter, may be rendered pcrennhil and shrubby. Many 
flowering garden plants, as Neapolitan Violet and Lily of the Vall^, 
may be brought into flower at a late period of the year, by pinching 
off the blossoms in the early part, of the season. 

634. Plants, as regards their flowering and fruiting, have also been 

divided into monocarpic {povQs. one, and fruit), or those which 

flower once only and then die; and polycarpk: (-roXwg, many), or those 
which flower and fruit several times before the entire plant clies. Thus, 
annuals and biennials, which flower the first or second year and die, 
as well as the Agave, and some Palms which flower only once in forty 
or fifty years, and perish, are monocarpic; while perennials are poly- 
carpic. Some perennial woody plants live to a great age. Some 
specimens of Adansonia digitata, the Baobab of Senegal, arc said to be 
more than 5000 years old. The Yew, the Oak, the Lime, the Cypress, 
the Olive, the Orange, Banyan, and Chestnut, often attain great 
longevity. 

635. The following is a notice of the size and age of some trees: — 


Height to which forest trees grow in France/ 120 to 130 feet. 

Height to which forest trees grow in America, 150 — 

Tranks of some Baobabs have a girth of 90 — 

TVank of Dracaena of the Canaries has a girth of 45 — 

That of an Acer in South Carolina has a girth of. 62 — 

In France, trees have often a girth of '. 25 to 30 — 

Oaks in Britain planted before the Conquest, more than 800 years old. 

Yew at Fountain’s Abbey, Ripon, 1200 — 

Yeyrs in churchyard of tirowhurst, SUnrey, 1450 — 

Yew at Fortingal, Perthshire, 2500 to 2600 — 

Yew at Brabourn churchyard, Kent, 3000 — 

Yew at Hedsor, Bucks. ,27 feet diameter, ^...3200 — 


A mecimen of Ficus indica, or the Banyan, on an island in the river 
KjMudda, is believed to be identical with one that existed in the time 
^ Jyexauder the Great, and which, apeording to Nearohus, wqjs then 
of oveirshadowing 10,000 men. Parts of it have been carried 
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away by floods, but it csan shade 7000 men, and its circumferenoei 
measuring its principal trunk only, is 2000 feet. The chief trunks dT 
this tree greatly exceed our English Oaks 4nd Elms in thickness, and^ 
are above 350 in number. The smaller stems are more than 3000 
in number. 

636. The Maronites believe that some Cedars near the village of 
Eden in Lebanon, are the remains of the forest which ftenshed Solo- 
mon with timber for the temple, Ml 3000 years ago. These Cedars 
were visited by Belonius in 1550, who found them twenty-eight in 
number; llawolf, in 1575, makes them twenty-four; Dandini, in 
1660, and Thevenot, about fifty years after, make them twfenty-three; 
Maundrell, in 1696, found them reduced to sixteen; Pococke, in 
1736, foimd fifteen standing; in 1810, Burckhardt counted eleven or 
twelve ; and Dr. Richardson, in 1818, states them to be no more than 
seven. They must be of gr^t antiquity, seeing they were counted* 
old 300 years ago.^ Maundrell mentions the size of some of the 
Cedars. Tlie hirgest he measiured was 36 feet 6 inches in circumfer- 
nicc, and 117 feet in the spread of its boughs. 

637 Decandolle gives a list of tlie ascertained ages of certain trees : 


Elm, 335 years. 

Cypress, about 850 — 

Cheirostemon (Hand- tree), about 400 — 

Ivy, 450 — 

LarcJli, 5/6 — - 

Sweet Chestnut, about 600 — 

Orange, 630 — 

Olive, 700 — 

Platanus OrientalU, 720 — 

Cedar, 800 — 

Many tropical trees, according to Humboldt, about.... 1 000 — 

Lime, 1076, 1147 — • 

Oak, 810, 1080, 1500 — 

Yew 1214, 1458, 2588, 2820 — 

Taxodium, upwards of 4000 — 

Adansonia, 5000 — 


1^— OffiNBRAli OBSEKVATIONS ON THE ORGANS OF ri.ANT8, AND ON THE MODE IN WHICH THEY 
ARE ARRANGED. 

638. Before concluding the consideration of the elementary and 
ompound organs of plants, it is proposed to make some general 
observations on their arrangement aftid development. The foUowing • 
is a tabular view of the various organs to which attention has been 
directed: — 




Genebal Abrai^gebient or the Organs of Phanbbooauous Plants. 

L—Blemenlarr Organm^ 


Membrane, 
Fibre, 


C Yesicles or Cellules, Cellular Tissue. 

] Spiral VmmIs or Trache®,! ...v«cnlar Tisane. 
( Ducts flr Tubes, / 
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II.— Conipoud Organ** 


1. General Integument. 

Outide or Pellicle,... \ „ 

&oipa1», Epidenms. 

Hairs, Prickles or Acnlei, Stings, Glands. 
2. Nutritive Compound Organs. 

Kth, Rhizome. 

Medullary Sheath, . Tuber. 

Heartwood or Duramen,.. Stem Runner. 

Sapwood or Albui^um, ^ and Sucker. 

Medullary Rays or Plates, I Branches. ’Corm. 

Liber or Endophloeum, Bulb. 

Cortical Layers or Epi- and Mesophloeum, ... J Thom. 


Petiole, 

Limb or Lamina, 


;]■ Leaf. 
Stipules. 


Phyllodia. 

Tendrils. 

Ascidia. 


3. Reproductive Compound Organs. 



Bract. 

Involucre. 

Povilla 
grannies, ... 

Sepals — Calyx, 
Petals — Corolla, 

) Perianth 

S- or 
) Perigone. 

V 

} --I Stamens,., 

Filament, . .) 


Carpels, ... 
Orules 

fOvaiy, ) 

•<Style, >PistiL 


(StigmaJ 

- 


4. Composition of Ripe Fruit. 

Radicle,... . 

Embryo, 

Pericarp, 

•1 

Cotyledon,. 

Pljamule, ... 

ySeed, 


Spermoderm 

Albumen or Perisperm, 

.. 1 

-j j 


Fruit. 


639. Plants may be said to be composed of numerous individuals, 
each having a sort of independent existence, and all contributing to 
the general growth of the compound individual formed by their union. 
In the case of a tree there^ are a vast number of buds, each of which 
is capable of being removed, and made to grow on another tree by 
grafting ; and although each has thus a vitality of its own, it is never- 
theless dependent on the general vitality of the tree, so long as it is 

to it. The same Aing is seen in Sertularian Zoophytes. Each 
of the individuals forming a compound plant is called by Gaudichaud 
a phy^ (^vr jv, a plant), and in it he recognizes three parts or meri- 
lhaUi a part, and b ftx)nd), the radicular meriihal corres- 

ponding to the root, the cauUne to the stem, and the foliar to the leaf. 

640. Ih the Acotyledonous plants, the embiyo or spore consists of 
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cells united together, and it is only during germination that it exhibits 
tliese different parts. In Monocotyledons, the embryo consists of a 
single phyton, with a radicular merithal or radicle, a cauline or tigellus, 
and a foliar or cotyledon. In Dicotyledons, the embryo consists of two 
or more phytons united, with their foliar merithals (cotyledons) distinct, 
while their cauline and radiculai* merithals form each a single organ. 

041. In tracing the various parts of plants, it has been shown that 
all may be referred to the leaf as a type. This morphological law was 
propounded by Linrijcus imd Wolff, but it is to Goethe we owe the full 
enunciation of it. Vegetable morphology, tlie study of forms, or the 
r^erence of the forms of the parts of* plajits to the leaf, is now the 
basis of organography ; and it will be observed, that in considering the 
various organs, this has been kept constiintly in view. ^Fhe calyx, 
corolla, stamens, and pistil, are only racKlihaitions of the leaf adapted 
for peculiar functions. It is not meant that they were originally leaves, 
andj|vere afterwards transformed; but that they are formed of the 
same elements, and firrangcd upon* the same pLan^ and that in the 
changes which tliey undergo, and the relation which they bear to each 
other, they follow the same laws as leaves do. The different parts 
• )!' the flower may be clamgcd into each oth(ir, or into true leaves ; or, 
ill other words, the cellular papillse from which they are formed are 
(•a|)ablc of being dcveloptd in different ways, according to laws which 
are still unknown. These changes may take place fh)m without in- 
wards, by an mvendbuf or direct nietamoiplwsiity as in the case of petals 
becoming stamens; or from within outwards, by or retiv- 

fjraile met amor as when stamens become petals. 

()42. Bj’acts are very e\ddently allied to leaves, both in tlieir colour 
and form. Like leaves, too, they produce buds in their axil. The 
monstrosity called lien and Chicken Daisy, depends on the develop- 
ment of buds in the axil of ibe leaves of the involucre. The sepals 
frequently present the appearance of true leaves, as in the Kose. The 
jictals sometimes become green like leaves, sis in a variety of Kanun- 
mjlus Pliilonotis, mentioned by DecandoUc, and in a varicjty of Cam- 
panula rapunculoides, noticed by Dumas. At other times they are 
cliangod into stamens. Dccandollc mentions a variety of Capsella 
Bursa-pastoris, in which there were ten stamens produced in conse- 
quence of a transformation of petals.^ Tlie stamens in double flowers 
an changed into petals, and in Nymphsea alba there is a gradual 
tr insition from the one to the other. Sometimes the stamens are 
changed into carpels, and bear ovules. This has been seen in Wall- 
flower, some Willows, Poppy, &c. Petit-Thouars noticed a plant of 
Ilousdeek, in which the one half of the anthers bore ovules, and the 
other half pollen. ITie carpels, as in the double Cherry, may be seen 
in the form of folded leaves ; in double flowers they are transformed 
into petals, and in other cases they are developed as stamens. It is 
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said that increase of temperature, and luxuriance of growth, sometimes 
make flower's produce stamens only. In plants having unisexual 
flowers, this is more liable to take place, as in Melon, Cucumber, &c. 
Increased vigour seems to be required for the development of stamens, 
for some fir trees in their young state bear cones, and produce male 
flowers only when they reach the prime of life. 

643. Symmetry of ftrffanii. — ^In the progress of growth, the plants 
belonging to the diiferent divisions of the vegetable kingdom follow 
certain organogenic laws {S^yeivovt mi organ, and yiwiuv, to produce), 
the operation of which is seen in tlie definite arrangement of their 
organs. The flower consists sometimes of three, at other times of four 
or five equal sets of organs, similarly and regularly disposed. Thus, 
the Iris has three straight parts of its perianth, and three refloxed ones 
alternately disposed, while the Fuchsia lias four parts of the calyx 
alternating with four petals, and the Eose has five alternating portions. 
Tliis orderly and similar distribution of a certain number of parts is 
called ftymmetryy and flowers arc thus said to be symmetneal with vari- 
ous numbers of members. Wlien the number of parts is two, the 

flower is dimetvvs (Bif, twice, 

// ///^ ^ 

f CSi \ <0 symmetry two-mcni- 

j CD 1 ' I on i bered. T^en the nimiber of 

I y I y parts is three, the flower is 

^ yy trinierom three), and 

when the parts are arranged 
531 532 in an alternating manner (fig, 

_ 532), the symmetry is irigmud 

^ or ti'iangidaT tliree, and 

V /q c:> \ migle), as in the Lily. 

! QQ \ When there are four parts, the 

I® (30 I) 'i 'I ® vjO ® I’ il is tetrarmroiis 

\ ^ y ^ o ^ four, and the symmetry is 

^ tetragonal or square (figs. 533, 

«>34), as in Galium and Paris. 

When there are five parts, the 
flower is pentamerous five), and the symmetry pentagonal (fig. 

535), as in Eanunculus. The number of parts in the flower is ini- 
cated by the following symbols: Dimerous ^ Trimerous Tetra- 
merous Pentamerous ^ . 

Fig. iiSl.— Diagram of the dimerous flower of Circssa Lntetiana, Enchanter’s Nightshade. 
There are two carpels, two stamens, two dlvisionB of the corolla, a?id two of the calyx. The 
flower is Isostemonous. 

Fig. i>32,->Diagn»n of the trimerons Isostemonous flower of Cneorum tricoccum. The floral 
envm(q[>68 are arranged in sets of three, and so are the essential organs. 

^ Fig. 633.— Diagram of the tetramerous Isostemonous flower of Zieiia. The organs arc ar- 
raxu^ in verUcilB of four parts each. 

634.— Diagram of the tetramerous Dlplostemonous flower of Ruta gravcolens. Tlicre are 
four carpels, eight stamens, or four in each Tcrticil, tour folioles of the calyx, and four petals. 
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644. There are also other kinds of arrang^ents in flowers, which 
may be referred to certain modiflcations in the organogenic law. Thus, 
what is called ohlcmg or two mid two-memhered symmetry, occurs in 
cases where the opposite ends are similar, and the opposite sides as in 
the arrangement of the stamens of Cruciferse. Again, simple s^^metiyis 
that in wliich the two sides of the object fire exactly alike, without any 
further repetition, as in papilionaceous, personate, and labiate flowers, 
as well as in most leaves. The term symmetry, however, is properly 
confined to cases where the parts are arranged alternately, and are 
either equal or some multiple of each other, and has no reference to 
the forms oi* the different parts. In the very young state, the parts of the 
flower appear as a shallow rim, from which the petals and sepals arise 
as mammiUai, in a symmetrical manner. In the case of irregular 
corollas, the j)arts at first appear regular, as shown by Bameoud.* In 
speaking of flowers, it is usual to call them symmetrical when the 
sepals, petals, and stamens follow the law mentioned, even although the 
pistil may be abnormal. Thus, many Solatuiceae are pentamerous, and 
have a dimerous ovary, yet they arc called symmetrical. In Crucileras, 
the flowers jirc, properly sp<jaking, imsymmetrical, for while there are 
lour sepals and fom' p(‘.tals, there are six stamens in place of four. 
This depends apparently on the long sbimens being in resility composed 
only of two, the filament of each of which is split by a process of chori- 
zation 883), and each division forms for itself by multiplication a 
perfect anther. In Papilionaceous flowers, the parts are usually sym- 
metricjil, there being five divisions of the calyx, five petals, and ten 
stamens in two rows. 



;».» o:h} ij:u <>38 

G45. It will be seen that flowers constituting trigonal or pentagonal 
symmetry, may present what hiis been called simple symmetry, when one 


* Aunales des Sciences NatiflrellcSt November, 1846. 

'.' iif. 535.— Diagram of the pentamerous Isostcmonous flower of Crassula rubens. c r c c c, P.irts 
t f the calyx, ppvp P* Petals alternating with the leaves of the calyx, e e r p c, Stamens alter- 
luiting with the petals, a, Accessory bodies in the form of scales, or a disk alternating witli the 
stamens. These scales are often an abortive row of stamens, o, Carpels alternating with the 
stamens, and opposite to the scales. 

Fig. 53&— Diagram of the pentamerous flower of Sedum Telephium. The stamens are ten, 
arranged in two alternating verticils. The flower is Diplostemonous. 

Fig. 537.— Diagram of tlio pentamerous Diplostemonous flower of Goriaria myitifolia; the 
parts of the four whorls alternating, the vcrticU of stamens being double. 

Fig. 538.— Diagram of tlie tilmcrous Diplostemonous flower of Omitliogalum pyrenaicuni. 
Stamens six in two alternating verticils. 
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of the petals or sepals becomes more developed than the others. In Di- 
cotyle^nous plants, it is common to meet with pentagonal (figs. 535, 
536, 537) and tetragonal (figs. 533, 534), symmetry, the parts being 
arranged in fives and fours, or in multiples of these numbers. It is 
common to find the stamens more numerous than the petals, and in that 
case they are arranged in different verticils, each alternating with that 
next it. Tlius if there are five sepals, five petals, and twenty stamens, 
the latter are considered as forming four verticils. No doubt the verticils 
are often traced with difficulty, more especially when adhesions take* 
place. In Monocotyledons (fig. 538), the parts are usually in sets of 
three, or in some miiltiple of that number, exhibiting trigonal symme- 
try. . In Acotyledons, when any definite number can be traced, it is 
found to be two, or some multiple of two. Tlie teeth of Mosses are in 
sets of four, or some multiple of four. The spores of many Acotyle- 
dons are also arranged in fours. ^ 

646. Tcrtftolouy. — -There has thus been traced a tendency to sym- 
metrical arrangement in plants. But the parts of plants are often 
modified by natural causes which cannot be explained. It is assumed 
that each of the similar members of a flower have tlie same organiza- 
tion, and a similar power of development; and hence, if among these 
similar parts some are less developed than otliers, they tire considered 
as ahortwe^ and these abnonnal states are traced to changes whicli 
take place in the earlier stages of growth. Such changes often inter- 
fere with the symmetry of the flower. Alteration in the symmetrical 
arrangement, as well as in the forms of the different parts of plants, 
have been traced to suppression or the non-development of organs, degen- 
eralion or imperfect formation, adhesion or union of one part to another, 
multiplication of parts, and unlvning or chorization. The study of 
Teratology {ri^os, a monstrosity, and Xoyoj, treatise), or of the mon- 
strosities occurring in plants, has led to many important conclusions 
relative to the development of organs, and it is only by tracing the 
parts of plants through all their stages and transformations, that correct 
ideas can be formed as to their relations and forms. 

647. By suppression is meant the non-appearance of an organ at the 
place where it ought to appear if the structure was normal; the organ 
being wanting to complete the symmetry. This suppression is liable 
to occur in all the parts of plants, and gives rise to various abnor- 
malities. Suppression may consis^in the non-appearance of one or more 
parts of certain verticils, or of one or more entire verticils. In the 
flowers of Staphylea (fig. 539), there are five parts of the calyx, five 
petals, five stamens, and only two carpels; in many CaryophyU^ese, 
as Polycarpon and Holosteum (fig. 540), while the calyx and corolla 
are pentamerous, there are only three or four stamens and three car- 
pels; in Impatiens noli-me-tangere (fig. 541), the calyx is composed of 
three parts, while the other verticils have five; in Labiate flowers, there 
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are five parts of the calyx and corolla, and only four stamens; and in 
TropeBolum pentaphyllum (fig. 542), there are five sepals, two petals, 
eight stamens, and three carjiels. In all these cases, the want of sym- 
metry is traced to the suppression of certain parts. In the last men- 
tioned plant, the normal number is five; hence it is said that there 



arc three petals suppressed, as shown by the position of the two 
remaining ones (fig. 542); there are two rows of stamens, in each of 
which one is awanting, and there are two carpels suppressed. In many 
instances the parts which are afterwards suppressed can be seen in the 
early stages of growth, and occasionally some vestiges of them remain 
in the fiJly developed llower. Sometimes 
the whorl of the petals is awanting, the 
flowers being ajyeUilous («, privative, and 
•xeTUKov, a leaf) (fig. 543), and in sucli cases 
it is commcm to see the stamens opposite to 
the segments of the ctilyx, as in Chenopo- 
diaceaj (fig. 544). That this suppression of the petals takes place is 
shown in the cjisc of certain allied plants, as in the natural orders 
Caryophyllaceae and Paronychiacese, where some species have petals 
and others want tliem. 

648. By the suppression of the verticil of the stamens or of the 


w 
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Fig. 539. — Diagram of the flower of Staphylea pinnata. The parts of the calyx, corolla, and 
stamene are peutamerouR, while the pistil, in consequence of the suppression of three carpels, is 
dimerous. 

Fig. 540.— Diagram of the llower of Holosteum umhellatum. There arc five calycine (llvlBious, 
and five petals; hut the stamens, by the suppression of one, are only four in number; while the 
c»ri'els are, bj’ suppression, reduced to three. Thus, the flower is unsymmetrical. 

Fig. 541.~.Diagi’am of the flower of linpatic^ parviflora, ^^’ith one of the calycino leaves 
fqjurred. There aro five carpels, five stamens, live petals, one of which is larger than the rost, 
but only three parts of the calyx, in consequence of suppression. 

Fig. 542.— Dia^ain of the flower of Tropseolum pentaphyllum, with a spurred or calcarate 
calycine leaf The petals, by suppression, are reduced to two; Uie stamens are eight in place of 
ten, and the caipels three in place of five. 

Fig. 643.— Diagram of the flower of Glaux maritimo, showing the suppression of tlic verticil of 
the corolla. There are five divisions of the calyx, five stamens alternating with them, and five 
divisions of the ovary, with a central plocentation. 

Fig. 544.— Diagram of the flower of Chunopodium album, showing the suppression of the ver- 
ticil of the corolla. The five stamens, in this cose, are opposite to the divisions of the calyx, thus 
exhibiting the arrangement which might be expected from a non-development of the corolla. 
The divisions of the ovary are not easily seen, the placontation being central. ^ 
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carpels, flowers become unisexml (unus^ one and seocm^ sex), or dicUn- 
OU8 twice, and a bed), and are marked thus, ^ ; the 

first of these symbols indicating the male, and the second the female 
flower. Thus, in Jatropha Curcas (fig. 314), the flowers have five 
segments of the calyx, and five petals, while in some (fig. 314, 1) the 
pistil is awanting; in others (fig. 314, 2), the stamens. In the genus 
Lychnis, there are usually st^ens and pistil present, or the flower is 
hermaphrodite, or movwclvmus (^oi^oj, one, and xTi/pj?, a bed); but in 
Lychnis dioica, some flowers have stamens only; others pistils only. 
Thus it is that monoecious and dioecious {fAouos, one, Sij, twice, and 
6t)cio», a habitation) plants are produced by the suppression of the essen- 
tial organs of the flowers, either of the same or of different individuals 
of the same species; while polygammis (oroXy?, many, and mar- 

riage) plants are those in which, besides miisexual, there are also her- 
maphrodite or perfect flowers. 

649. Some parts of the pistil are generally suppressed in the pro- 
gress of growth, and hence it is rare to find it symmetrical with the 
other whorls. When the fruit was treated of (If 522), it was shovui 
that carpels and ovules often become abortive by pressure and 
absorption, so that the pericarp and seeds differ in their divisions 
and number from the ovary and ovules. If the whorls of the calyx 
and corolla are awanting, the flower becomes vuhed or achlamydems 
(If 351). It may still, however, be fitted tor the functions of producing 
seed; but if the essential organs, viz., the verticils of stamens and 
pistils, are suppressed, then tlie flower, however showy as regards its 
envelopes, is unfit for its functions, and is called mmter. Flowers hav- 
ing stainens only, are staminiferous^ staminal^ sterile; or those having 
pistils only, are pistilliferouSj pistillate^ or fertile, Tlie suppression of 

Til'i 51G 547 .548 54» .550 

various verticils, and parts of them, is well seen in the family of the 
Euphorbiaceas (figs. 545 — 550). Thus, in fig. 545 is delineated an 

Figs. 546>.550. — Diagrams of flowers of Enphorbiaceous plants, becoming more and more 
Mmpic. (1.) The calyx is the only envelope, and consists of three parts in figs. .54.5, 546, and 547. 
It is completely suppressed in flgs. 548, 54U, an^ 550, and its place is occupied by a bract., in the 
axil of which the flower is produced; this bract being accompanied in figs. 548 and 649 with two 
small bractlets. (2.) The male flowers in fig. .545 have three stamens, in figs. 546 and 548 they 
have two, in flga 547 and 549 one stamen only is develoiwd. and in fig. 5.50, the solitary stamen 
has only one anther>lobc. (3.) The female flower in fig. 550, 2, is reduced to a rdngle carpel, with 
a bract in the axil of which it is produced. 

Fig. 645.-~Diagram of a staminiferous flower of Tragia cannabina. 

Fig. 540.— Diagiam of a staminiferous flower of Tragia volubilis. 

Fig. 647.— Diagram of a staminiferous flower of Antbostema senegalense. 

Fig. 648.— Diagram of a staminiferous flower of Adenopeltis colliguaya. 

^ Fig. 649.— Diagram of a staminiferous flower of a Euphorbia. 

Fig. 550 l— L Diagram of a staminiferous flower of Naias mhior. 2. Of a pistUliferous flower of 
Naias ma^r. 
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apetalous trimerous staminal flower ; in 546 one of tlie stamens is 
suppressed and in fig. 547 two of .them are ^wanting. Again in figs. 
548, 549, 550, the calyx is suppressed, and its place occupied by one, 
two, or three bracts (so that the flower is, properly speaking, achla- 
mydeous), and only one or two stamens produced. In fig. 550, 1, 
there is a sterile flower, consisting of a single stamen with a bract; and 
in fig. 550, 2, a fertile flower, consisting of a single carpel with a bract. 
There is thus traced a degrajdatixm^ as it is called, from a flower with 
three stamens and three divisions of the calyx, to one with a single 
bract and a single stamen or carpel. 

650. It is common to find some of the buds of a plant suppressed, 
thus altering the spinil arrangement. Such, buds, however, are often 
capable of being developed, if any accident occurs, or if the plant is 
pruned. Deficiency of light and of :iU', and want of proper nourish- 
ment, are capable of producing abortions of various kinds. The non- 
development of a branch gives rise to clustered or fascicled (Jasds, a 
bmidle of twigs) leaves, as in the Larch, and to fascicled twigs, as 
in a common bfrd-nest-like monstrosity of the Birch. When the 
true leaves of a plant are suppressed, their place may be occupied 
by a tendril, as in Lathyrus Aphaca, in which the stipules perform the 
functions of leaves 201) ; or the petiole may be developed in a 
peculiar way, as in the ])liyllodia (If 157) of some Acacias. 

651. Degeneration, or tlie transformation of parts, often give rise 
either to an apparent want of symmetry, or to iiTegularity in form. 
Branches, when not properly develo})ed, may assume the form of thorns 
or spines (If 200), as in the Hawthorn luid W’^ild-plum ; and by cul- 
ture tliosc spines may be converted into leaf-bearing branches. Leaves 
often become mere scales, as in Latlir»a, Orobanche, and in Bulbs. 
The limb of the calyx may apj^ear as a rim, as in some Umbelliferjc ; 
or as pappus, in Compositse and Yaleriana. In Scrophularia, the 
fifth stamen appears as a scale-like body, called staimnodmm (fig. 846); 
in many other plants belonging to the Scrophulariacea?, it assumes the 
form of a filament, with bail’s at its apex in place of an anther. In 
unisexual flowers, it is not uncommon to find vestiges of the un- 
developed stamens in the form of filiform bodies or sc^es. To many 
of these staminal degenerations, Linnaais gave the name of nectaries. 
In double flowers, transformations of the stamens and pistils take place, 
so that they appear as petals. In^Caimse, what arc called petals are 
ill reality metamorphosed stamens. Allusion has already been made 
to the various changes which the different parts of the flower thus 
undergo. The object of the florist is to produce such monstrosities ; 
and flowers, which by him are considered perfect, are looked upon by 
the botanist as imperfect, from the want of the essential organs. 

652. Adhesion, or the growing together of parts, is a very common 
cause of changes both as regards form and symmetry. The union of 
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stems gives rise occasionally to anomalies, as in the fasciated stalk of 
CJockscomb (fig. 230), andlihe flattened stems of some ConiferaEj (T 19.7), 
and probably also tlie peculiar stems of certain Sapindacese and Mem> 
SpermacesB of Brazil (T 90). Some of these, however, may perhaps 
be traced not to adhesion, but to an abnornal development of buds, 
producing wood only in one direction in place of all round. Natural 
grafts occasionally occur from one branch of a tree uniting to another. 
Boots also sometimes become grafted, and to this has been attributed 
the vitality occasionally preserved by the stumps of Spruce-firs which 
have been felled on the Swiss Alps. The union of two leaves by their 
base, forms a connate leaf, and the adliesion of the lobes of a single 
leaf on the opposite side of the stalk, gives rise to perfoliate leaves 
(fig. 156). The union of the edges of a folded leaf forms Ascidia, or 
pitchers (figs, 184, 187). The diflerent parts of the same verticil of 
the flower unite often more or less completely, giving rise to a mono- 
phyllous or gamophyUous involucre (% 347); a monosepalous or 
gamosepalous calyx (fig. 273); a mono]>etalous or gamopetalous corolla 
(figs. 293, 294, &c.) ; monadelphous (figs. 307, 314, 1), diadelphous 
(If 399), and polyadelphous (figs. 315, 551), stamens; syiigenesious 
anthers (^ 417); a gynandrous column (If 400); and a syncari)Ous 
ovary (fig. 383). The diflerent verticils of the flower are frequently 



adherent. The calyx is often united to the corolla or to the stamens, 
or both (fig. 308); the stamens may adhere to the corolla (fig. 552); 
or there may be a union of the foijr verticils of the flower, so that the 
calyx becomes superior (fig, 309). In some instances, when the axis 
is elongated, adhesions take place between it and certain whorls of the 
flower. Thus, some Caryophyllaceae (fig. 553), the calyx, c, bear- 

■V 

Fig. S51.~'-^Onc of the five bundles of stamens taken from the polyadelphous flower of Malva 
xnlniwtaa Stamens are xinlted by their filaments. 

Portion ctCiiio gamopetalous or monopetalous corolla, «, of a Collomia, showing port 
of tlambe t, terminal by two lobes of the limb, 1, and having flie stamen, e, inserted into it, 
an^E^^ifted to it, so that the upper part of the filament, ^ only is free. 
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ing the stamens, 6, and petals, becomes united to the axis, which 
supports the ovary, o. In Cappandaceas (%. 554), the calyx, c, and 
petals, jt?, occupy their usual position, but the axis is prolonged in the 
form of a gynophore, ag, to which the stamens, «, are united. Occar- 
sionally, contiguous flowers may unite, giving rise to double fruits, as 
is sometimes seen in Apples, Grapes, and Cucumbers. 



G58. Multiplication^ or mi increase of the number of parts, gives rise 
to (changes in plants. It is oflcn foimd, that in plants belonging to the 
same natural order, the number of stamens in one is greater than that 
in another, either in consequence of additional stamens being developed 
in the verticil, or on account of the production of additional verticils. 
The same thing is met with in the case of the other whorls, and is 
well illustrated in the foimation of the disk (f 428). Multiplication 
causes a repetition of successive whorls, which still follow the law of 
alternation. 

654. Parts of the flower are often increased by a process of dedupli- 
cation^ unlining ^ dilarfdmition^ or chorization^ i,e, the separation of a 
lamina from organs already formed (T 883). This is believed to take 
place in a remarkable degree in the wise of appendages to petals. 
Thus, in Ranunculus, the petal (fig, 555) has a scale at its base, a, 
which is looked upon as a mere*fbld of it. This fold may in some 

S . 553.— Flower of Lychnis viscoria, one of tlie Curyophyllacete, cut Icniirthwlsef to sliow the 
on of its different parts, c, Gainosepalous calpc. jp, Petals with their elongated unguis or 
u ti, their limb, 1 1, and the appendages, a er, in the form of dilaminated scales of the petals. 
e <!, Stameua Pistil consists of the OTiry, o, and five styles, s. p. Prolongation of the axis in the 
ibrm of a gynophore, or ontliopliort*. bearing the petals, the stamens, and the pistiL 
Fig. 55t. — Flower of Gynandropsis palmipes, one of the CapparidacesB. c, Calyx, Petals, 
e, Stamens, a gr', Gynophore or elongated intemodo or axis bearing the stameua a g", Qyno- 
phore or elongate intemode bearing the pistiL o/. Pistil composed of an ovary, o, a style and 
a stigma,/. 
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cases be more highly developed, as in Caiyophyllaceae, and in Cras- 
sula nibens (fig. 258 a)jfend it may even assume the characters of 
a stamen, which will therefore be opposite the petal, as in 
Primulaceae. Some do not consider the production of scales 
or stamens opposite to the petals, as the result of choriza- 
tion. Lindley argues against it from what is observed in 
Camellia japonica, in which the petals are usually alternate ; 
but, by cultivation, the law of alternation is interfered 
with, and the parts are so developed that the petals are 
opposite, and nm in several regular lines, from the centre 
to the circumference. Again, by this process of chorization, 
one stamen may give rise to several. Thus, in Luhea pani- 
culata (fig. 31G, 1), in place of five stjimeiis there are five 
bundles (fig. 316, 2), composed j)artly of sterile filaments, /.v, 
and partly of filaments bearing anthers, /a; and each of these bundles 
is traced to a deduplication of a single stamen, inasmuch as they arise 
from one point, and do not follow the law of alternation. Thus, dilami- 
nation repeats the single organs, and causes opposition of parts. In 
the case of tlie foiu long stamens of Crucifenc (^ 644), chorization is 
said to take place by a splitting of the filaments of two stamens ; and 
thus the two stamens on each side arc, by gemmation {gemini^ twins), 
nonnally one. This view is confirmed by cases in which the lila- 
inents of the long stamens arc more or less united ; also, by cases in 
which the shorter fiLiments exhibit tooth-like processes on either side, 
while the longer ones have them oidy on the outer side. In such 
cases, the two long filaments, if united, would present the same appear- 
ance as the shorter ones, and occupy their usual position of alterna tion 
with the petals. In some mstances, by pelorization [vihaotoi, mon- 
strous), it is found that tetradyiiamous plants become tetrandrous 
with equal stamens alternating with the petals. 

655. Cultivatim has a great effect in causing changes in the various 
parts of plants. Many alterations in form, size, number, and adhesion 
of parts, are due to the art of the horticulturist. The development 
of cellular tissue and of starchy matter is often thus much increased, 
as may be seen in the case of Turnips, Carrots, and Potato. The 
succulence of the leaves of the Cabbage and Lettuce, and the forma- 
tion of a hearty as it is called, is due to cultivation ; so also the curled 
leaves of Savoys, Cress, Endive, &e. Tlie changes in the colour and 
forms of flowers tlius produced are endless. In the Dahlia, the 
florets are rendered quilled, and are made to assume many glowing 
colours. In Pelargonium, the flowers have been rendered larger and 
more showy; and such is also the case with the Ranunculus, the Au- 





, Pig. 665.— Petal of Rammcnlus Ficaria, viewed on the Inside. /, The Umh. a, Small scaly 
appendage at Its base fonned by chorization or dilamiiiation. 
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liciila, and the Carnation. Some flowers, with sparred petals in thear 
usual state, as Columbine, are changed so that the spurs disappear ; 
and others, as Linaria, in which one petal only is usually spurred are 
altered so as to have all the petals spurred. 

SECTION 1V.-.SOME GENERAL PHENOMENA CONNECTED 
WITH VEGETATION. 

1 . — VEGETABLE IRRITABILITY. 

656. Under this head are included certain sensible movements ot 
living plants, exercised without any direct application of mechanical 
force, and not referable to mere elasticity, or the hygroscopic nature* 
of the tissues. These motions are influenced cliiefly by light and heat, 
and, like many phenomena occurring in organized beings, they cannot 
at present be explained by chemical or mere mechanical laws. They 
may, however, be excited by stimuli of a chemical or mechanical 
nature. Although the cause of them is obscure, still, in some instance's, 
their use is obvious. 

657. Among the lowest classes of plants there are some peculiar 
movements of tins kind. The simplest members of the Sea-weed tribe; 
occasionally move throngliout their whole substance. OsciUatorias, 
which are fllaraents composed of cells placed end to end, containing 
fluid and granular matter, have an undulating movement, by means of 
which they advance. VQien placed in fluids under the field of the 
microscope, some of them may thus be seen to pass from one side to 
the other. The filaments sometimes twist up in a spiral manner, and 
then project tlicmselves forward by straightening again. The motions 
are influenced by temperature and light, and by some lire considered as 
being connected with the production of new ceQs. The spores of many 
Cryptogamic plants, especially species of Vaucheria, Conferva, and Proli- 
fera, exhibit motions which, according to Thuret and Decaisne, depend 
on the presence of cellular hair-like processes, called cilia or tmtacula. 
These motive organs are in a state of constant agitation, which lasts for 
some hours, becoming slower, and finally ceasing after germination has 
commenced. In the spores of Conferva glomerata and rivularis (fig. 
b'll), there are two of these cilia eft* fihforra tentacula, which project 
from a colourless rostrum. In Chaetophora elegans, var. fusiformis, 
four have been seen (fig. 432) ; in Prolifera (fig. 433), there is a circle 
of cilia, and in Vaucheria (fig. 434), the spore is entirely covered with 
very short cilia, the vibration of which determines their forward move- 
ment. These spores, from their movements, have received the name of 
Zoospores (T 492). Mr. Thwaites accounts for the rhythmical move- 
ments of cilia by electrical currentsi- In certain cells of Cryptogamic 
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plants^ ^ecially in what are called Antheridia, bodies are met with 
called Phytozoa (f 492), which also exhibit movements during a part 
of llieir existence. 

658. Kemarkable movements have also been observed in the higher 
dasses of plants. The fovilla contained in the pollen-grain in a young 
state, when moistened with water, exhibits movements when viewed 
under the microscope. Tliese movements have by some been referred 
to irritability, but by Brown and other accurate observers, they jwe con- 
sidered as merely molecular, and similar to what takes place between the 
minute particles of inorganic matter — ^as, for instance, finely powdered 
Gamboge suspended in water. These fovilla movements are easily seen 
in the very young pollen of Antirrhinum majus. Certain movements 
also take place in the floral envelopes. Thus many flowers open and 
dose' at particular periods (If 48B— ^85) ; these phenomena depending 
on light, temperature, and moisture. Leaves also, especially those 

j which are compound, are folded at certain periods in a distinct and 
j uniform manner. 'V^at was called by Linnaeus th^ sleqt of plants^ is 
I the change produced on leaves by the absence of light. It is by no 
means andagous to the sleep of animals. During darkness some are 
slightly tydsted and hang down ; others, such as pinnate and temate 
leaves, have tlie leaflets folded together, and freciuently the common 
petiole depressed. The youngest leaflets first exliibit these changes ; 
and when the plants become old, and their tissues hai'dcned, the 
irritability is often much diminished, as is seen in Oxalises. The fold- 
4 ing of the leaflets of compound leaves usually takes place from below 
upwards, but , sometimes in the reverse manner, as in Tephrosia 
Oaribsea ; so also with the common petiole, which is directed upwards 
during sleep in the Cassias, and downwards in Amorj^dia. Wlien be- 
sides the common petiole there are partial petioles, as in the Sensitive 
plant, they may be bent inwards tow^ds each other, while the former 
is bent downwards. r 

659. Mimosa sensitiva^fihd pudica, commonly called semitive plants, 
display these movements of their leaves in a remarkable degree, not 
only under the influence of light and darkness, but also under mechani- 
cal and other stimuE Tliey have bipinnate leaves with four partial 

, petioles proceeding from a common rachis, and each of the petioles is 
furnished with numerous pairs (about twenty) of leaflets, which are 
expanded horizontally during the ‘day. During darkness, or when 
touched or irritated in any way, each leaflet moves upwards towards 
its fellow of tine opposite side, which in its turn rises up, so that their 
upper surfaces come into contact. When the movement commences 
at the apex of4he leaf, it usually proceeds downwards to the base, and 
jj^ence may be communicated to the leaflets of the next partial petiole, 
ultimateijr t6 the common petiole, whl!& falls dowla towards the 
lim; The pizrtial petioles then converge towards eaej^ o0^, and 
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have a tendency to become parallel to the common petiole, at the ex- 
tremity of which they are suspended. Wlien the plant is shaken as 
by the wind, all the leaflets close simultaneously, and the petioles drop 
together. If, however, the agitation is long continued, the plant seems 
as it were to become accustomed to the shock, and the leaflets will 
expand again. The- stem itself is not concerned in the movements. 
It may be cut and wotmded cautiously without causing any change in 
the leaves, and a portion of it may be removed with a leif attached, 
and stni remaimug expanded. If, however, a mineral acid is applied 
to the stem, after some time the petioles wiU fall and the leaflets 
collapse — ^the leaves perishing with the stem wliich has been moistened. 
The chemical action of the acid and absorption cause these phenomena. 
When a sensitive plant is exposed to artificial light during the night, 
DecandoUe found that its leaves expanded, and that they closed when 
put into a dark room during the day, showing the influence which 
light has on these phenomena. It is to be remfiiked, however, that if‘ 
the plant is kept for a long period of time in darkness, it iviU ultimately 
expand its leaves, and the phenomenon of folding and opening will go 
on, although at very irregular intervals. 

660. The ternate leaves of many species of Oxjilis fold not merely dur- 
ing darkness, but dso when agitated or struck lightly and repeatedly. 
Each of the leaflets folds upon itself, and then bends downwards upon 
Jhe common petiole. The plant called Desmodiuui gyrans, the moving 
jDlant of India, has compound leaves consisting of a large terminal 
leaflet, and usually two smaller lateral ones. Hie latter are in con- 
stant movement, being elevated by a succession of little jerks, until 
they come into contact, and sometimes even slightly cross each other ; 
after remaining in this position for a short time, they sepai’ate from 
each other, and move downw^juds by rapid jerks on opposite sides of 
ihe petiole. This process is constantly repeated, and goes on in a 
greater or less degree, both during day and night, but is most vigorous 
(luring warm moist weather. The large terminal leaflet undergoes 
movements also, oscillating very gradually from one side to the other, 
and becoming horizontal or depressed. By the lateral oscillatory 
movement, the leaf becomes inclined in various ways, often assuming 
a remarkable oblique direction. Tlie upward and downwai*d move- 
ments seem to depend on the iofluence of light and darkness. During 
the day the leaf becomes more or less horizontal, while during dark- 
ness it hangs down. Similar movements are seen in other species of 
Desmodium, as D. gyroides and vespertilionis. 

661. The movements in these cases have, by Martins and Meyen, 
been referred to the presence of some structure analogous to the 
nervous s^tem in animals. There is, however, no evidence of such a 
structure m plants, and these authors have not pretended to prove its 
existence. It is to be remarked, tha,t the movements differ in many 
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respects |rom animal contractility. They are usually movements, 
and may' be referred to certain changes in the organs, causing dis- 
tentipn or contraction of these tissues. Dutrochet and Morren refer 
them to alterations in tiie circulation of fluids and air in the vessels 
and cells. In plants with irritable leaves, there are frequently 
swellings where the leaflets join the stalk, as well ^ where the stalk 
joins the stem. These swellings contain cells which differ in their 
dimensions and their contents, and the movements are considered as 
being produced by changes in the contents of the cells, some of which 
become more distended than others, and thus cause incurvation or 
folding. In these swellings the vascular bundles are disposed in a 
circle near the periphery, and may be concerned in the movements. 
Mechanical and' chemical stimuli are supposed to act by inducing 
alterations in the contents of the vessels and cells. 

662. In the case of the sensitive plant, if the swelling at the base of 
the common petiole is touched even slightly on its lower side, it is 
followed by instant depression of the whole leaf, but no such effect is 
produced if the upper portion of the swelling is lightly touched. 
Again, touching the little swelling at the base of each leaflet on its 
upper side, causes the upward movement of the leaflet, but no such 
effect follows cautious touching of the lower part of the swelling only. 
If a pair of l^flets is touched at the extremity of a petiole, the irritation 
is usually continued domiwards from apex to base ; but if a pair at the 

^ base are touched, the progress of folding is reversed. Clear warm 
weather, with a certain degree of moisture, seem to be the conditions 
most favourable for these movements. They are seen best in young- 
plants. The leaves of the sensitive plant contract under the action of 
electricity and galvanism. Some suppose, that in the sf^risitive plant 
there are two kinds of cells connected with the upper and lower sides 
of the leaves and petioles; the one set being contractile, and causing 
the closing of the leaflet and tlie fall of the petiole, the other being 
acted on chiefly tlirough the circulation. In the case of the petiole, 
it is conceived that the tissue on the lower side of the swellings is 
contractile, while that in the upper is distensible. The turgescence 
of the latter, which is kept up by light, counteracts the contractility of 
the former, and maintains an equilibrium, so as to keep the petiole 
erect; but when acted on by cold, mechanicsil irritation, &c., the 
equilibrium is disturbed, and the contractility operates in depressing 
the petiole. A careful microscopic dissection of the swelngs, shows 
peculiar cells in some pars, which seem to differ in theircontents 
from others in their vicinity. 

663. In the sensitive species of the Desmodium and Oxalis, the 
novements are not so evidently influenced by mechanical irritation. 

“ i the former, the little leaflets are supported on swollen petiolules, 

d it is to the curvation and twisting of these in different directions, 
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that the movement seemed to be owing. The leaflets remain flat and 
tlo not fold on themselves. It is said that by arresting the vitsai 
actions going on in the leaflets, by giving them a ooating of gum, and 
thus preventing transpiration and respiration, the movements are 
stopped, find that they recommence when the gum, is removed by' 
water. Cutting a leaflet across, and only leaving a small portion of its 
lamina attached to the petiolule, docs not immediately stop the move- 
ment of gyration. In such a case, however, the motion ultimately 
cejises, while it continues in the uncut leaflet. So also, if a leaflet is 
divided longitudinally into two parts, each of them continues to move 
for a time, but the motions cease as the process of desiccation goes on. 

fi64. 'fhere are occasionally cellular prolongations from "the leaij 
which, when touched, cause folding. Thus, in Dionsea muscipula, 
or Venus’s fly-trap, the lamina is articulated to the petiole, and consists 
of two free portions which arc united together, by a joint along the 
midrib. On the upper side of each part of the lamina are situated 
thre<i hail's with swellings at the base, and when these hairs are 
touched, the hg-lves approach each other from below upwards, so as 
to enclose any object, as a fly, which may happen to light on them. 
Similar movements, but in a much less obvious manner, are said to 
take place in the leaves of Droseras or Sun-dews. The movements 
are attributed to the sfune causes as those already mei^ioned, but 
the ultimate object is not known. 

6G5. Movements take place in some parts of the flower, occasionally 
with the view of scattering the pollen on the stigma. The stamens 
i )f various species of Berberis and Mahonia, are articulated to the torus 
or thalamus, and when touched at their inner and lower part, move 
towards the pistil. In Pamassia palustris, the stamens move towards 
the pistil in succession to dischfurge their contents. The Helianthe- 
nmm vulgare or common Rock-rose, exhibits stamina! movements 
also connected with the bursting of the anthers. Morren has noticed 
sensitiveness in the andrujcium of Sparmannia africana and Cereus 
grandiflorus. In the Nettle and PelHtory, the filaments are confined 
in a peculiar way by the perianth, and at a certain period of. growth 
they are released so as to allow their elasticity to come into play, by 
ineens of which the pollen is forcibly scattered (If 497). In Goldfiissia 
or Huellia anisophylla, the style has a curved stigmatic apex, which 
p:r;idually becomes straightened, so fts to come into contact with the 
hairs of the corolla, upon which the pollen has been scattered; and in 
Mimulus and Bignonia (fig. 406), the stigma has two expanded lobes 
which close when touched, a movement apparently in some way con- 
nected with fertilization. In the Passion-flower, and some Cacti, the 
styles move towards the stamens. The species of Stylidium have the 
filaments and styles united in a common column, at the upper part of 
which the anther-lobes and stigma are placed. The column often 

Y 
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project bejropd the flower, and is jointed. At the articulation an 
irritable swelling occurs, which when touched or acted upon by heat 
and light, causes^ a sadden incurvation by which the column is thrown 
to the opposite ride of the flower, bursting the jmtiiers and scattering 
tae pclien on the central stigma. After a time the column recovers 
its position. These movements take place in the flower for some time 
aftCT it has been removed from the plant and kept in water (f 497). 
Certain petals in some flowers, as in Orchidaceje, are said to move. 
Morren notices this in the case of species of Megacliniuin and Pteros- 
tylis. Gentiana sedifolia closes its petals when touched. Draka3a 
elastica, a Swan River terrestrial Orchid, is remarkable for the irrita- 
bility of the stalk of the labellum. This stalk exhibits a moveable 
joint like an elbow. 

666. Chemical agents have an effect on the movements of plants. 
Some act by causing irritation, others by destroying irritability. Nar- 
cotic poisons, as opium, bell^onna, and hydrocyanic acid, either 
taken up by the roots or applied externally, destroy the frritability of 
plants. They cause closure of the leaves of the sensitive plant, anci 
render it insensible to the action of stimuli. Their prolonged action 
causes death, but if they are applied in moderate quantity, the plant 
may recover, and again unfold its leaflets. It fi‘equently happens, 
however, that the irritability continues for some time much impaired ; 
so that mechanical stimuli do not act in the same rapid and energetics 
manner as at first. Similar effects are produced by ether and chloro- 
form when sensitive plants are introduced into an atmosphere through 
which these substances are diffised. Tlie effects may be produced 
locally by applying the vapour only to certiun parts cjf the plant. 
Experiments on the action of poisonous agents, both in the fluid and 
gaseous state, have been performed by Marcet, Christison, Turner, 
and others (f 292-^296).* 

2 . — TKMI'lCRATUltE OF PLANTS. 

667. The heat developed during the expjinsion of flowers and the pre- 
paration of the pollen, especially in the case of Aroideaj, and also at the 
period of germination, has been already considered (f 475, 476, &c.) 
These phenomena appear to be strictly of a chemical nature, and may 
be traced to the absorption of ollygen, and its combination with tlie 
carbon of the starch, the latter being converted into dextrine and 
grape sugar. It is now proposed to consider the observations which 
have been made relative to the genertd temperature of plants. 

* For furtlier observations on Irritability, see Dutrochet, Becherclies Anat. et riiysiol. sur la 
Structure intime des Animaux ot Vegetaux, 1844. Moiren on the movements of the leaves of 
Oxalis; on the movement of the style of Goldfussia anisophyllo, and of tlie colmnu of Stylidium, 
in Dulletin. Acad. Koy. de Bruxelles, tom. iv. v. vi and xii. Thuret und Deoai!>nc on the muve- 
incnts of spores, In Annalcs des Sciences Katnrelles. 
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668. Great differences of opinion have prevailed as to the existence 
of a projyer heat in plants. Hunter examined the heat of the inter- 
nal parts of the trunks of trees by boring holes of different depths in 
them, and inserting thermometers; and similar experiments were made 
by Schubler at Tubingen. The results of these experiments were, 
ik. That the temperature of trees is higher than that of the air in 
winter, and lower in summer ; 2d. That the temperature corresponds 
to the depth in the soil to which the roots penetrate ; and, 3d. That 
it depends on the temperature of the fluid matters taken up by the 
roots, as well as the bad conducting power of the wood of the trees. 
Dutrochet instituted a series of experiments to determine the tempera- 
ture of the growing parts of plants. He found, by means of a thermo- 
electric apparatus, that this vjiried from two or three-tenths of a 
degree, to one degree above that of the air. This generation of heat 
only takes place when the plant is active and vigorous, and seems to 
be connected with processes going on in the interior of the cells. It 
reaches a daily maximum, the period of which varies in different plants, 
according to flieir vigour. Rameaux has confirmed Dutrochet’s ob- 
servations. There appear, therefore, to be two sources of heat in 
]>lants, one depending on organic actions carried- on in the growing 
jiarts, and the other on meteorological influences, which either act 
directly through the air, or indirectly through the fluid matters 
brought up from a certain depth in tlic earth.* 


3 . —lA MlKOSITY OF I'LANTS. 

069. Luminous appeiuances have been obs(3rved in certain plants. 
Tliesc have been long noticed in the lower classes of plants, such as 
Fungi. Deca 3 dng wood, in which Fungi are developed, is sometimes 
luminous. Mr. James Drummond describes some species of Agaric, 
near the Swan River, growing on the trunks of Bainksias and other 
trees, which emitted at night a phosphorescent light sufficient to 
enable him to read. A phosphorescent Agaric, with the upper sur- 
face of the pileus black, while the centre and gills were white, was 
noticed by him on the trunk of a dead Eucalyptus occidentalis. Tlie 
Agaiicus Gardner!, found in Brazil, gives out a light of a pale greenish 
hue, similar to that of fire-flies. It is found growing on a Palm, and 
io called Flor de Coco. Defile found luminosity in the Agaricus 
olearius, near Montpelier. In the coal mines of Dresden, certain 
Rhizomorphous flmgi have long been celebrated for the light wMch they 
emit. The spawn of the Truffle (Ikiber cibarium) is said to present 

* Jot further remarks on the Suhoect of Vegetable Heat, sec Uaineuux's papers in the Annales 
<le8 Sdences Naturelles, January, 1843. Schubler's experiments in Poggendorff Annalen, x. 692*, 
translated in Thomson's Chemistry of Vegetables, p. 959. Dutrochet, Ann. des Sc. Nat. (n. s.) 
torn. xiL Gardner in Linn. Trans, foi- Dec. 1841, and in Philosuph. Mag. for July, 1812. 
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similax appearances. Some have said that the luminosity of these fungi, 
as well as of decaying wood, is increased by exposure to oxygen gas. 
Some consider it as connected with the absorption of oxygen, being 
in reality a slow spontaneous combustion ; while, according to others, 
it is referable to the liberation of phosphorus from some of its com- 
binations in the plant. 

670. Tliese luminous appeai-ances are said not to be confined to fungi. 
The younger LinnsBus states, that the flowers of Nasturtium, Orange 
Lily, and African Marigold, at the end of a hot summer day, give out 
intermittent light. Mr. Dowden and Mr. James confinned this by 
observations on the common Marigold and Papaver pilosum ; while 
other observers have noticed the phenomena in the Sun-flower, French 
Marigold, species of (Enothera, and Ainim. It is to be remarked, that 
the flowers said to be thus luminous, are all of a more or less orangcj 
colour, and that the phenomenon takes place in still warm summer 
evenings, towards twilight. Hence, Professor Allman is disposed to 
attribute them to option! illusions, depending on a peculiar intermit- 
tent effect on the retina. Some autlit)rs mention the occurrence ol‘ 
luminous sap in plants with milky juices, as the Euphorbia phosphi)rea 
of Brazil. A rhizome of an endogenous plant from India, is said, when 
moistened, to acquire a i)hosphoresc(mt appenrance, and to lose tliis 
property when dry. 

, 'i. — COI.OUKS OF PLANTS. 

671. Colour is not of much importance in botany as regards cljissi- 

fication and arrangement. It is chiefly in the case of Fmigi that it is 
employed as a means of diagnosis. Perhaps the want of an accurate 
nomenclature of colours in botany may have in part led to this. Mir- 
bel and -Henslow have proposed a nomenclature, which consists in 
referring all naturjil colours to certain absolute tints and shades, deter- 
mined according to fixed laws. Thus, the latter assumes three prim- 
firies, as red, blue, and yellow, which together give white light, and 
derives all others from admixtures of these in definite proportions. 
On this principle he lias constructed a chroinatometer colour, 

and fAir^ovt a measure), or meiisure of colour, the employment of which 
would lead to an accurate nomenclature. 

672. It has already been remarked, that the green colour of the 
leaves, young .bark, calyx, mid carpels, depends on the presence of 
chlorophylle (If 19). This waxy substance is contained in the deep 
cells or mesophyUum of leaves, and depends on the action of light for 
its elaboration. When leaves are grown in darkness, they become 
colourless from the absence of chlorophylle. Light acts by the fixation 
of carbon. The different rays of the spectrum 'appear to differ in their 
power of developing the green colour. Senebier performed experiments 
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on the sulgect, by making the light pass through coloured media, and 
he was led to the conclusion, that while the yellow rays had the 
greatest effect on the growth of the plant, the blue and chemical rays 
were those chiefly concerned in the production of the green colour. 
Hunt seems to agree with Senebier. Other experimenters, however, 
as Morren, Daubeny, Draper, and Gardner, think the yellow rays are 
the most active in producing the green colour. The following table 
shows the result of some of Gardner’s experiments. The rays are 
dfmoininated active or im^tive in relation to their power of producing 
a green colour, and the figures under each of them show their power 
in this respect, 1 being the highest vjilue. Tlie sign — indicates that 
the effect was not satisfactorily tested: — 


Kn. IMants. 

Hours of 

'J’otal. 

Al'tivc VHVS 


Inactive. 

isuimhiiK*. 

tiirui. 

iriMl. Or. Yi*I. 

Gr. 

Itl. 

Jn. Vi< 

1. Turnips.. 

....22 

109 

.. 4 

.S 

... 0 

0 0 

2. Bc.*ins ... 


9.5 

... — 

3 

... 0 

— — 

3. Turnips.. 

... S 

09 

... 4 

3 

... — 

— — 

4. Turnips.. 

...23 

101 

... — 

1 

... 0 

0 0 

5. Turnips.. 

...17 5 ... 

5*2 

... — 

3 

... 4 

0 0 

0. Turnips.. 

... 6*5 ... 

0 

... 4 

3 

. . 0 

0 (» 


073. Tlie ray producing the gr 


•n colour is found to be that which 


acts most efficieully on the decomposition of carbonic acid, as shown 
by tlie followiiag table : — 


IMiuts ofsiH'crnnn of IlUiminatin; 

cv.iiuuiud clilorophylU*. C02. 

Extreme llud O OOJ) 0 0000 0 0000 

Coininenceincnt of Orange — -- -.5500 

Centre of Orange *777 ■ — 

Centre of Yellow 1 '000 1 *01)00 1 -0000 

Centre of Green, -.58:5 % 

Centre of Blue 'loo 


074. The green colc^ur becomes lighter or deeper accordmg to the 
quantity of chlorophylle and the aggregation of the cells. It is usually 
paler on the lower sides of leaves, llie dark shades of green in the 
Yew, liay, and Holly, are the effect of an immense crowding together 
of green cells. 

075. As light decreases in Autumn, the chlorophylle, in many'ciises, 
diminishes, and is probably altered Jby the loss of a portion of carbon. 
'I’hus, Evergreen leaves become of a paler colour, and deciduous leaves 
assume various hues, commonly called autumnal tints. The leaves of 
the Poplar, Ash, and Beech, before falling, become yellow ; those of 
some species of Khus, bright red ; those of Comus sanguinea, dull red; 
those of the Vine, yellow and purple. Berzelius states, that the leaves 
become red in pl^ts having red fruits. Eobinet and Guibourt main> 
tain that the Vines which produce bluish grapes, have red leaves 
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in autumn, while such as produce white grapes have yellow leaves 
These yellow and red colours by some are said to depend on changes, 
in the state of oxidation of the chlorophylle, and have been traced by 
others to the production of peculiar waxy substances, one red, called 
erythrophylle, the other yellow, xanthophylle. Marquart believes that 
the action of water on chlorophylle, in dilferent proportions, gives rise 
to yellow and blue matters. Ellis supposed the change of hues to be 
due to the prevalence of acid and alkaline matters. 

676. Dr. Hope endeavoured to show that there is in plants a 

colourable principle, chromogm colour, and 1 generate), 

consisting of two separate principles, one of which forms a red com- 
pound with acids, whUe the other forms a yellow with alkalies, and he 
attributes the green colour produced by the latter to the mixture of 
the yellow matter with the blue infusion. Tlie two principles, 
according to him, may exist together, or separate, in different parts of 
the same plant. In some very fleshy leaves, as Agave, the central 
cells are pale, while those of the cuticle Jire coloured and much 
thickened. Although leaves are usually of a green colour, stiU they 
frequently assume various tints. In certain varieties of Beech and 
Beet, they become of a uniform red or copper colour. In some cases, 
only one of the surfaces of the leaf is coloured, as in many species ol’ 
Begonia, Saxifraga, Cyclamen, and Tradescantia, in which they are 
green above and red or brown below ; while in others there is a vjiri- 
ation of colour, giving rise to variegtition, as in Acuba japonica, 
Carduus marianus, and Calatliea zebrina, where there are yellowish 
spots, or in many Arums, where they are of a red colour. The whitish 
or brown spots which occur on leaves, are often produced by thickened 
cells containing peculiar colouring matter, underlying tlie chlorophylh* 
cells. In such cases, variegation might be traced to an alteration in 
the epidermal cells, and the same is true of certain bright colours 
assumed by the surfaces of some leaves. The jtdees of many plants 
are colourless when contained in the vessels, but become milky or 
coloured by exposure to the air. Thus, tlie sap of (Enanthe crocata. 
becomes yellow, that of Chelidonium orange, that of Madder changes 
from yellow to red, and that of some Boletuses becomes blue or bluish- 
green. In some instances, the changes have been prevented by keeping 
the cut ox broken surfaces in nitrogen or hydrogen, or carbonic acid, 
and thus preventing their exposure^to oxygen. It is said, however, that 
the change of colour in the Madder does not take place in pure oxygen. 

677. The bark, at first green, becomes often of a brown colour from 
the thickening of the cell-walls, as weU as the deposition of brown 
matter. Similar changes take place in the woody fibres, giving rise 
to the coloured duramen of many trees, as the Laburnum, Guaiac, 
Ebony, &c. Such changes, however, depend on chemical actions going 
on in the interior oflstems, and are not due to the direct influence of 
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the air. The colour of wood, however, is generally deepened when 
exposed to the atmosphere. 

678. The red, blue, and yellow colours of flowers depend on fluid or 
semifluid matters contained in superficial ceils, which can be detached witli 
the cuticle. Tliis coloured cellular tissue is called by Nourse the Eete^ 
and lies immediately below the epidermis. In this respect these colours 
differ from the green colour in the leaf which is confined to the central 
cells, and which, as already stated, owes its origin to a granular matter of 
a peculhir nature. In petals, difierent cells frequently contain different 
kinds of ct)louring matter, tlms giving rise to variegation. By the 
juxta-position and mechanical mixture of various cells, different tints 
are produced ; and the colours are also modified by tlie nature of the 
cuticle through which they are seen. In the interior of petals, the 
colour is generally more or less yellow, but it is modified when seen 
through superficial cells. Along with the colouring matter, there is a 
colourless substance present, the relative quantity of which varies, and 
hence the colour may be.deepcT or fainter. In flowers as well as in 
leaves, the colours appear to depend on the action of light. It has been 
sjiid, however, that the powerful action of solar light, in some cases, 
tends to decolorize flowers. Hence, tuhps are screened by floriculturists 
from the direct rays of the sun. The leaves of herbaceous plants 
also, when exposed to the direct rays of the sun, do not acquire so 
deep a green as when they are subjected merely to a bright daylight. 

679. Th<i colours of llow<3rs have been arranged in two series : — 
1st. Iho xanitiic {iotvdos, yellow) or yellow; and 2d. The cyanic 

blue) or blue; and it has been shown that plants in general may be 
referred to one or othcT of these series, while red is common to both 
series, and green, as composed of blue and yellow, is intermediate be- 
tween them. White is considered jjs depending on absence or extreme 
t-lilution of the colouring principles, while brown or black depends on 
their accumulation or concentration. Even in white flowers there will 
))e seen a slight admixture of a yellowish or bluish tint. 


" Greenish-blue 
Blue. 

Cyanic Violet-blue, 
series. Violet. 

Violet-red. 

Bed. 


Green, 

T ellowish-green. 

Yellow. 

Orange-yellow. 

Orange. 

Orange-red. 

Bed. 


i Xanthic 
f series. 


680. Some starting from greenness, as a state of equilibrium between 
the two series, pass through the blue and violet to red, by a process of 
oxidation, while the transition from red to orange and yellow has been 
traced to deoxidation. As illustrations of the cyanic series may be 
mentioned, all, or nearly all, the species of Campanula, Phlox, Epilo- 
bium, Hyacinth, Geranium, Anagallis ; of the xanthic series, Cactus, 



COLOtJfiS OF FLOWERS. 


Aloej Oytisus, Oxailis, Rose, Verbascmn, Potentilla, (Enothera, Eaniin- 
culus, Adonis, Tulip, Dahlia. ‘ 

681. Plants belonging to either series, vary in colour usually by 
rising or felling in lihe series to which they belong, and not by passing 
from one to the other. Thus, a plant belonging to the blue series 
does not usually become yellow, nor does one in the yellow series 
change into a pure blue. This remark will not apply in all cases, 
although it is generally true. It cannot be said to hold good in 
regard to genera, as at present determined; thus, in the genus Gentian, 
there are blue and yellow species. It seems, however, to be applicable 
to individual species; thus, the Dahlia belonging to the yellow serit‘s 
has been made to pass to all varieties of that series, but has never 
been produced of a blue colour; so also with the l\dip, the Rose, &c. 
Even in the case of species, however, there are anomalies. Thus, the 
rule does not apply to such plants as Myosotis versicolor and Dendro- 
>)ium sanguinolentum, where there are different yellow and blue colours 
on the corolla. Notwithstanding, however, all the exceptions, the 
general law already mentioned as to the variation of colour in flowers, 
seems to be founded on correct observations. 

C82. Changes are produced in the colour of flowers, by bruising .and 
injuring the petals. The pure white flowers of Camellia easily become 
brown, while those of Calanthe veratrifblia and Bletia Tankervilla* 
assume a deep blue. By drying, many flowers become of a brown or 
black colour: this is particularly the case with Orchidaceaj, Melam- 
pyrum, and Orobus niger. It would appear to depend on the com- 
bination between the colouring principle and the oxygen of the air, 
and may in some cases be traced to the existence of tannin, gallic acid, 
and iron. Blue flowers, under the process of desiccation, are often 
whitened. Ipomoea Learii, in drying, changes from blue to red. 

683. Remarkable changes take place in the colour of some flowers 
during the course of the day. The flowers of the common pink Phlox, 
early in the morning, have a lightish blue colour, which alters as the 
sun advances, and becomes bright pink. The (Enothera tctraflora has 
white flowers which change to red. Hibiscus variabilis has its flowers 
white in the morning, pink at noon, and bright red at sunset. The 
colour of many flowers of Boraginacca;, before expansion, are red; after 
expansion, blue. The bracts of Hakea Victoria are yellowish- white in 
the centre the first year; the second year, what was white becomes a 
rich golden yellow; the third year, the yellow becomes rich orange; 
the fourth year, the colour becomes blood-red; the green portion of 
the bracts becomes annually darker. It has been stated that soils 
have an effect on the colour of flowers. The flower of the common 
Hydrangea hortensis may be changed fi:om pink and rose-coloured to 
blue, by growing the pl^t in certain kinds of loam and peat earth. 
Alum in the soil is said to produce a similar effect. 
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684. Kohler and Schubler have endeavoured to determine Ihe 
relative proportions between the different colcnrs met with in flowers, 
'.rhey examined upwards of 4000 species, belonging to twenty-seven 
natural orders, of which twenty were dicotyledonous, and seven mono- 
cotyledonous. The following are some of their conclusions : — 


1. White 

1193 

6. Green 

153 

2 . Yellow 

951 

7. Orange 

50 

3. Red 

923 

1 8. Brown 

18 

4. Blue 

594 

9. Kcariv Blark 

8 

5. Violet 

307 



685. 'File proportion of white, cyanic, and xarithic (lowers varies in 
different quaiters of the globe, and at different eltwations. Iho fol - 
lowing are tlie proporti(»ns of colour in different natural ordtTS, deduced 
from the examination of about 120 species of eacli: — 


lU'd. lUiu;. Grocii. Y«*I. Orange. White. 


K3'mi»lueHcea* 11 — 14 — 28 — 4fi 

Rosaecte .S2 1 — — 52 — 40 

Primitlaceje 41 7 6 2 ir> 10 27 

Boraginaccte 10 9 2S 3 13 I 35 

Convolvulacca* 39 10 12 — 7 2 27 

Kanuneulaccie 16 4 15 2 42 1 19 

Papavcraceaj 38 9 — — 36 7 7 

Campatmlaccixj .5 21 58 — 3 1 10 


'Flius, Nymplneacea*. and Rosacejc, according to Schubler and Kohler’s 
ohserv'jitions, contain a hirgc* niunber of white flowering species; Priinu- 
lacejc and CLmyohmlacea?, red; Companulacea?, blue; Ranunculacea^, 
yellow. 

086. In firranging flowers in a gfirden, it is of importance to place 
the complementary colours together, in order to produce the best effect, 
llie comidementar}^ colour of red, or that which is rec^uired to make 
white light, is green ; of orange, blue ; of yellow, violet ; consequently 
blue and orange coloured flowers, yellow and violet, may be placed 
together ; while red and rose-coloured flowers harmonize well with their 
own green leaves. When tlie colours do not agree, the interi)osition 
of white often restores harmony. 

5. — onouiis pr flowkks. 

687. The peculiar odours of phints depend on vfirious secreted 
volatile matters, which are often so subtle as to be incapable of detec- 
tion by ordinary chemical means. Nothing is known of the causes 
which render one flower odoriferous and another scentless. In some 
cases the odours of phints remain after being dried, but in general they 
disappear. Some leaves, as of the Woodruff, become scented only 



330 


DISEASES OP PLANTS. 


after drying; and certain woods, as Teneriffe rosewood, give out tlieij* 
odour only when heated by friction. Meteorological causes have n 
great influence on the odours of living plants. Dew, or gentle rain 
with intervals of sunshine, seems to be the circumstances best fitted for 
eliciting vegetable perfumes. Light has a powerful effect on the odour 
as well as the colour of flowers. Plants, when etiolated by being kept 
in darkness, generally lose their odour. In certain cases, the perfiimes 
of flowers are developed in the evening. Some of these plants were 
called tristes by Linnoeus, as Hesperis tristis, or night-scented stock. 
Many orchidaceous plants are fragrant at night only, as some Catase- 
tums and Cymbidiums. Cestrum noctumum and the white flowers of 
Lychnis vespertina are also night-scented. Tlie odours of some plants 
are peculuirly offensive. This is the case with Phallus impudicus, and 
with the flowers of many Stapelhis. 

688. Schubler and Kohler, whose investigations in regard to colour 
have been noticed, have also made observations on the odours of 
plants in the same monocotyledonous and dicotyledonous orders. The 
following tables show some of their i*esults : — 


Colour. 

No. of 
si)eck*s. 

Ortorifcrons. 


Dirtnjxrcenhl 

White 

1103 

187 

. .. 175 .... 

12 

Yellow 

051 

75 

... 61 .... 

.... 14 

Ked 

923 

85 

.. 76 .... 

9 

Slue 

594 

31 .... 

... 23 .... 


Violet 

307 

23 

17 .... 

() 

Green 

153 

12 

10 .... 

2 

Orange 

50 

.3 

1 .... 

2 

Brown 


1 

0 .... 

1 


Thus, of the plants examined, those having white flowers prescntcMl 
the Wger proportion of odoriferous species. The orange and brown 
coloured flowers often gave a disagreeable odour. In examining 
numerous species from various^atural orders, they found that out of 
100 species of^ — 


Nympha&aceae 

Rosacea; 

Primulaceo; 

Bfltfn.giiniip.p.m 


ConvolvalacesB 

RanuncalacesB 

Papaveracese 

CampanulacesQ 

4 


6. — ^DISEASES OF PLANTS. 


689. Great obscurity attends this department of botany, and much 
remains to be done ere a system of vegetable nosology (i^oVo^, disease) 
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can be completed. It is, however, of great importance, whether we 
i-egard its bearing on the productions of the garden or the field. Some 
have divided the diseases of plants into gemral, or those affecting the 
whole plant, and locals or those affecting a part only. A better 
arrangement seems to be founded on their apparent causes, and in 
this way they have been divided by Lankcster into four groups. 1 . 
Diseases produced by changes in the external conditions of fife ; as 
by redundancy or deficiency of the ingredients of the soil, of light,' 
heat, air, tmd moisture. 2. Diseases produced by poisonous agents, 
as by injurious giises, or miasmata in the atmosphere, or poisonous 
matter in the soil. 3. Diseases arising from the growth of parasitic 
plants, as Fungi, Dodder, &c. 4. Diseases arising from mechanical 

injuries, fis wounds and attacks of insects. 

690. I^lants are often rendered liable to the attacks of disease by 
the state of their growth. Thus, cidtivated plants, esj)ecially such as 
become succulent by the increase of cellular tissue, appear to be 
more predisposed to certsun discjises than others. Concerning tht* 
first two causes of disease very little is known. Absence of light 
causes hlamihing^ which may be looked upon as a diseased state of the 
tissues. Excess of light may ciiuse disease in plants whose natural 
habitat is shady places. Excess ol* heat is sometimes the occasion 
of a, barren or diseased sl ate of some of the organs of the flowers, and 
frost acts prtyudicially on the leaves, stem, and flowers. By excess 
of moisture, a. dropsical state of the tissue is induced. 

691. Coiiceming the influence of atmospheric changes on plants, 
very little has been determined. Many extensive epidemics seem to 
depend on this cause. Tlius, the late potato disease must be traced, 
:ij)parently, to some unknown mi«nsma conveyed by the air, and 
operating over large tracts of country ; the disease probably affecting 
some plants more than others, according to their state of predisposition, 
and in its progress leading to disorganization of the textures, alteration 
in the contents of the cells and vessels, and the production of Fungi, 
t&c. In the early stage of the disease, a brown granular matter was 
deposited in the interior of the cells, beginning with those nejir the 
suirface. For some time the cell-walls and starch-grains remained 
uninjured, but were ultimately attjicked, the former losing their trans- 
pa lency, and the latter becoming agglomerated in masses. Subse- 
quently to this, parjisitic organisms of various kinds make their appear- 
Jince, cavities were formed, and rapid decay took place. Among the 
v egetable parasites, were detected species of Fusisporium, Oiefium, 
Botrytis, Capillaiia, Polyactis, &c. The prevalence of hot or cold 
weather, the amount of light and moisture, changes in the atmosphere, 
and electrical conditions of the air and earth, are in all probability 
connected with epidemic diseases. By some, the late potato disease 
is attributed to suppressed evaporation and transpiration, depending 
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on the hygrometric state of the atmosphere. The vessels and cells ai'e 
said to become charged with fluids, stagnation of the circulation tak(js 
place, and thus disease and death are induced.* 

692. Gangrene in plants, is caused by alterations in the contents of the 
cells, leading to death of a part. In succulent plants, as Cactuses, 
this disease is apt to occur. Sometimes excision of the diseased part 
checks the progress of the gangrene. Canker^ which attacks Apple 
and Pear trees, is a kind of gangrene. Some of the most important 
diseases of com and other agricultural crops, are owing to the pro- 
duction of Fungi. These have been divided into 1. Tliose attacking 
the grain, as Uredo foetida, or pepper-brand. 2. Those attacking the 
flower, as Uredo segetum, or smut. 3. Those attacking the leaves and 
chaff, as Uredo Rubigo, or rust. 4. Those attacking the straw, as 
Puccinia graminis, or com mildew. 

693. Smut-halh^ pepper-brandy or hlighty is a powdery matter, occu- 
pying the interior of the grain of wheat, &c. When examined undt-r 
the microscope, it consists of minute balls, four milhons of which ma}^ 
exist in a single grain, and each of these contains numerous excessively 
minute spomles. It is caused by the attack of Uredo Caries, or 
foetida. In this disease the seed retains its form and appearance, 
and the parasitic ftingus has a peculiarly foetid odour, hence called 
ntinJdng rust 

694. Smut or dust-brand is a sooty powder, ha^^ng no odour, found 

in Oats and Barley, and produced by Uredo segetum. The disease 
shows itself conspicuously before the ripening of the crop. Bauer 
says that in part of a square inch he counted 49 spores of the 

uredo. 

695. Rmt is an orange powder, exuding from the inner chaff scales, 
and forming yellow or brown spots and blotches in various parts of 
corn plants. It owes its presence to the attack of Uredo Rubigo. It 
is sometimes called red gurriy red robin, red rust, and red rag. Some 
consider Mildew (Uredo linearis) as another state of tlie same disease. 

696. Those Fungi which are developed in the interior of plants, and 
appear aflerwards on the surface, are called entophytic (IvtoV, within, 
and (pvTouy a plant). Their minute sporules are either directly applied 
to tlie plaiats entering by their stomata, or they are ttiken up from the 
soil. Many other Fungi grow parasitically on plants, and either give 
rise to disease ; or modify it in a p«culiar way. Among them may be 
mentioned species of Botrytis, Fusisporium, Depazia, Sclerotium, Fu- 
sarium, and Erysiphe. Fusisporium solani is considered by Martius 
as the cause of a certain disease in the Potato. In the recent potato 
disease, the Botrytis iofestans, a species of Fusarium and other Fungi, 
committed great ravages, spreading their mycelium or spawn through 

* Sec remarks on this snMect by Klot2Bch, tran^ted by Gregory, in the Appendix to Liebig’s 
ivork on the Motion of the tf niccs. London, 184a 
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the cells of the leaves and the tubers, and thus accelerating their de- 
struction. Berkeley, Morren,. and Townley, consider the Botrytis as 
the cause of the disease. Various species of Botrytis also attack the 
Tomato, Beet, Turnip, and Carrot. A species of Depgwsia sometimes 
amses disease in the knots of Wheat. A diseased state of Rye find 
other grasses, called ergot^ owes its production to the presence of a 
species of Spermccjdia. By the action of the fungus, the ovary becomes 
diseased and altered in its appearance, so as to be dark-coloured, and 
project from the chaff in the form of a spur. Hence the name spurred 
■nje. The nutritious part of the grtiin is destroyed, and it acquires 
cert^ain qualities of an injurious nature. Spontaneous gangrene is the 
consequence of living for some time on diseased rye. Ergot has been 
seen in Lolium perenne and arvense, Fcstuca pratensis, Plileum pra- 
tense, DfictylLs glomerata, Anthoxanthum odoratum, Phalaris arun- 
dinacca, ifec. 

697. Fruits when over-ripe are liable to attacks of Fungi, which 
cause rapid decay; wood also, especially Alburnum or sap-wood, is 
injured by the production of Fungi. Dry rot is the result of the 
attack of Merulius lacr 3 mians, which in the progress of growth de- 
stroys its texture, «nnd makes it crumble to pieces. Some kinds of 
wood are much more liable to decay than others. 

698. The diseases caused by attacks of Fungi m«*iy be propagated 
by direct contact, or by the difhision of the minute spores through the 
iitmosidiero. Wluin we reflect on the smallness of the spores, the 
miUious produced ])y a single pkmt, and the facility with winch they 
are wafted by the w'ind in the form of the most impalpable powder, 
w'C can eiisily understand that they may be universally difilised and 
ready to be developed in any place where a nidus is afforded. Perhaps 
some of the diseases affecting man and animals may be traced to such 
a. source. Quekett Ibmid that he could propagate the ergot by mix- 
ing the sporules with water, and applying this to the roots. 

(599. In order to prevent these diseases, it has been proposed to steep 
the grains in variijus solutions previously to being sown. For this 
purpose, alkaline matters and sulphate of copper have been used. In 
all cases, the seed should be thoroughly cleansed. Smut and pepper- 
bratid have been averted by these means. In the case of the latter, 
diseased gi'ains are easily removed by being allowed to float in water, 
:oi<] the grains that remain are washed with a solution of lime, com- 
siicn potash, or substances containing ammonia, which form a soapy 
matter with the oil in the fungus. A weak solution of sulphate of 
copper acts by destroying the fungus. To prevent wood from dry rot, 
the processes of kyanizing and bumetizing have been adopted: the 
former consists in making a solution of corrosive sublimate enter into 
the cells and vessels; the latter, in impregnating the wood with a 
solution of chloride of zinc. Creosote has also been used to preserve 
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wood. Boucherie proposed that a solution of p3a’olignite of iron 
should be introduced into trees before being felled, by perfora- 

tions at the base of the trunk, and allowing the absorbing power of the 
cells and. vessels to operate. This plan does not appear to have been 
.successful, although reported favoiuably to the French Academy, and 
also recommended by Mr. Hyett. 

700. Other diseases in plants owe their origin to insects. EarcocMes^ 
purples^ or pepper- com^ is a disease affecting especially the grains of 
wheat. The infected grains became first of a dark green, and ulti- 
mately of a black colour. They become rounded like a small pepper- 
corn, but with one or more deep furrows on their surface. The glumes 
spread open, and the awns become twisted. Tlie blighted grains arc 
full of a moist white cottony matter, which, when moistened and put 
imder the microscope, is seen to consist of a multitude of minute in- 
dividuals of the Vibrio triciti, or eel of the wheat. The animalcules 
deposit their eggs in the ovar}^, and their young are hatched in eight 
or ten days. Henslow calculates that 50,000 of the young might be 
packed in a moderately sized grain of wheat. Tlie Vibrio retains its 
vitality long. It will remain in a dry state for six or seven years, and 
when moistened with water will revive. The Wlieat-Hy, or Cecidomyi;i 
tritici, is another destructive insect. It deposits its eggs by means ol' 
a very long retractile ovipositor, an<l is seen abundantly in warm even- 
ings. The Cecidomyia destructor, or Hessian fly, also causes injur}*, 
and is said to be very destructive to wheat in America. 'Jhese insects 
are destroyed in numbers by the Ichneumons, which deposit their o\ a 
in their bodies. The Apple-tree mussel, or dry-scale, Aspidotus con 
chiformis, attacks the bark of Apples, Pciirs, Plums, Apricots, and 
Peaches. Many of the Coccus tril)e are highly injurious to plants. 
One of this tribe, in 1843, destroye*d the whole orange trees in the island 
of Fayal, one of the Azores. Many insects c^iuse the rolling up of leaves. 
Tortricida viridana acts thus on the leaves of the Oak, and vaiious 
species of Losotsenia do so with other trees. Sacchiphsmtes abietis is 
the aphis which causes the leaves of the Spruce-fir to be united together, 
so as to have the appearance of a cone. 

701. Many insects, called miners, make their way into the interior 
of leaves, and hollow out tortuous galleries, sometimes causing an 
alteration in the colour of the leaves. Galls are caused by the attacks 
of species of Cynips, which are provided with t>vipositors, by means ol‘ 
which they pierce the bark or leaves with the view of having a nidus 
for their ova. These galls are very common on the Oak, and ai’e 
c^alled oak-apples. Sometimes they have one cavity, at other times 
they arc divided into numerous chambers, each containing a grub, 
pupo, or perfect fly, , according to the season. Galls are produced on 
the twigs, catkins, and leaves of the Oak. The artichoke gall of the 
Oak depends on an irregular development of a bud, caused by the 
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attack of insects, and consists of a number of leafy imbricated scales 
resembling a young cone. On examining the galls of commerce, the 
produce of the Quercus infectoria, some are of a blue colour, containing 
the larva of the insect; others are pale, and are marked with a perfora- 
tion by wliich the insect has escaped. Extensive ravages are committed 
in Elms and other trees by the attacks of Scol 3 rti. The presence of 
much moisture, such as the rapid flow of sap, destroys them. Mr. 
Kobert found that the flow might be promoted bjf^taking off the sub- 
(*rous layer of the bark, and he proposes this as a method of getting rid 
of the insects. Some galls are formed in the substance of leaves, and burst 
through the cuticle in the form of ovate bodies, with crenate borders 
iind opercula, which are perforated in the centre. These galls resemble 
])arasitic fungi. OaJc-spangles are galls of this nature. They are at- 
tached by a central point to the under surface of the leaf, the innei* 
side being smooth — ^the outer red, hau-y, and fkinged. Each contains 
a single insect, which retains its habitation till March, long after the 
leaves have flillen to the ground. 

702. It is impossible in this ijlace to enmnerate all the insects which 
jittack plants. Almost every species lias certain insects peculiar to it, 
which feed on its leaves, juices, &c., and often cause great injury. 
Tliose which are common to hothouses jmd greenhouses, have called 
ior tlie special attention of horticulturists, and various means have 
been suggested for their removal or prevention. Among them may 
be enumerated, vapour of tobacco and ammoniacal liquor of gas-works, 
to kill apliides; vapour of sulphur, for the red spider; vapour of tur- 
pentine, for the w'asp; vapour of crushed laurel leaves, for the white 
bug; coal-tar, for the wire- worm, &c,* 

♦ For further remarks on the Diseases of riauts, see Ilenslow’s paper in the Juuniul of t!»e 
li(*yal Agrieultura! Society of England. 
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CHAPTEU 1. 

SYSTEMS OF CLASSIFICATION. 

703. This department of Botany may be considered as a combina- 
tion of ad the observations mode on the structure and physiology of 
plants, with the view of forming a scientific arrangement It can only, 
therefore, be prosecuted successfully after the student has acquired a 
complete knowledge of Organography. In every branch of science, 
arrangement is necessary in order that the facts may be rendered av^- 
ablc, and this is more especially the case when a ^owledgc of species 
is to be acquired. Wlien it is considered that there are upwards of 
100,000 known species of plants, it is obvious that there must be a 
definite nomenclature and classification, were it only to facilitate refer- 
ence and communication. Taxonomy has sometmies been pursued 
with no higher aim than that of ‘Rowing the names of plants. When 
prosecuted in such a spirit, it docs not lead to an enlarged and phUoso- 
phical view of the vegetable kingdom. In all truly scientific systems, 
regard is paid, not merely to the determination of the names of the 
species, but to their relations and affinities, so as to give some concep- 
tion of the order whicli has been followed in the pkm of creatiem. 

704. In Classificatory Sciences, the arrangements are founded upon 
an idea of Ukenm — ^an idea, however, which is applied in a moye exact 
and rigorous manner than in its common and popular emplc^ment. 
The resemblances of the objects must rest, not on vague generalities, but 
upon an accurate sdentific basis. In order that an arrangement may be 
constructed on philosophical principles, and that it may be rendered, 
useftd for the purpose of science, the fbllowing steps are re(piired:-^ 
1. A Technical (rexifKit, artificial or conventional) language, rigoroa^. 
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defined} or wlia.t is termed Glossology a tongue or language, 

and a discpuise), andTermonology a termination). 

The meaning of the terms in this descriptive language must not depend 
<m fincded resemblances, but must have a precise definition, and be 
constant. In acquiring a knawledge of the conventional terms, or of 
the vocabulary of the science, the student at the same time fixes in 
his mind the perceptions and noHons which these terms convey, and 
thus, in reality, becomes acquainted with important elementary facts. 
2. A Plan of the i^stem, or the principles on which the divisions and 
subdivisions of the system are made, Diataxis(3/«T«g/?, orderly arrange- 
ment), or what is properly called Taxonomy order, and 

law). There have been two great plans proposed in Botany, one 
denominated artificial^ the other mXural, The first is founded on 
characters taken from certain parts of plants only, without reference 
to others; while the second takes into account all the parts of plants, 
and involves the idea of affinity in essential organs. 3. There must b 
also the means of detecting the position of a plant in a system by short 
diagnostic marks. In doing so, a few essential characters are selected 
in accordance with natural affinities. Tlie division into genera is a 
most valuable help in determining plants. Linnseus did great service 
to science by his generic divisions, and by adopting a binomial (bbt, 
twice, and normn^ a name) system of nomenclature, in which the genus 
and species are included in the name of the plant. 

705. Species. — ^Noclassification can b« made unless the meaning of the 
term species is defined. By species, then, are meant so many individuals 
as are presumed to have been formed at the creation of the world, and 
to have been perpetuated ever since. A species embraces individuals 
which resemble each other more closely than they do any other plant, 
so that they are considered as originating from a common parent; and 
their seeds produce similar individuals. There may be differences in 
size, colour, and other unimportant respects; and thus varieties may 
exist, exhibiting minor differences, which are not, however, incom- 
patible, with a common origin. Varieties owe their origin to soil, expo- 
sure, and other causes, and have a constant tendency to return to the 
original type. They are rarely propagated by seed, but can be per- 
^tuated by dUttmgs and gratis. By cultivation, permanent varieties 
or races have beeu produced, the seeds of which give rise to individuals 
varying much from the original specific t}q)e. Such races are kept up 
entirely by the art of the gardener, and may be illustrated in the case 
of the Cereal grains, and of culinary vegetables, such as Cabbages, 
Cauliflower, Brocoli, Turnips, Radiiffies, Peas. It is only after a 
series of years that these permanent varieties have been established, 
and there is stiU a tendency in their seeds, when, sown in poor soil and 
ne^cted, to produce the original wild form. Permanent varieties in 
theliaimal kingdom may be Hlustrated by the different races of man- 
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kind. By scattering the pollen of one plant on the pistil of an allied 
species, seeds are formed, which, when sown, produce intermediate 
forms or hybrids (f 516). Hybrids, however, are rarely perpetuated 
by seed. 

706. Many species vary in a remai’kable manner, without any ex- 
ternal influences to account for it. Thus, a plant of Fuchsia has pro- 
duced, in successive years, flowers differing so much in form and 
shape, that, if they had not been Imown to be produced by the same 
plant, they would have been considered as belonging to distinct species. 
Such is also the case with Calceolarias, some species of Amaryllis, and 
jnany Orchids. Hence there is sometimes considerable difficulty in 
determining what arc tnie species, and wJiat are only varieties, more 
especially when these varieties are permanent and reproduce themselves. 
To this must in part be attributed the disputes whicli have arisen among 
botanists as to the species of many British genera, such as Boses, Rubi, 
Salices, and Hieracia. The following tiible shows the number of British 
species in some of the British genera, as given by different authors, 
and exhibits the uncertainty which still exists as to the limits of 
species: — 



Salix. 

Hierarium, 

Mi'fitha. 

Rosa. 

Uubua 

Saxifraf^a. 

Hudson (1798) 

..16 

... 8 ... 

10 ... 

5 

5 

.. 9 

Smith (1824-38)... 

..64 

... 18 ... 

13 ... 

22 

14 

.. 25 

Lindley (1835) 

..29 

... 19 ... 

9 ... 

17 

21 

.. 24 

Hooker (1842) 

..70 

... 13 ... 

13 ... 

19 

14 

.. 16 

Babington (1843)... 

.,57 

... 19 ... 

8 ... 

19 

24 

.. 20 

Watson (1844) 

...38 

... 17 ... 

8 ... 

7 

34 

.. 16 

Babington n847).. 

..58 

... 21 ... 

9 ... 

19 

36 

.. 20 


707. It is only after a careful study of such forms during a series 
of years, that any conclusion can be drawn in regard to them. It is 
important to record aU the varieties which occur, but great care is 
necessary not to raise to the rank of species wlmt are mere accidental 
aberrant forms. Some have of late years advocated the doctrine of the 
transmutation of species, or tlie conversion of one species into another, 
it has been said, that Oats may be changed into Rye, by being con- 
stantly cut down for a series of years before flowering. Such state- 
ments are not founded on correct data, and have led to very erroneous 
views anijdoctrines, which have been recently promulgated vrith much 
apparent plausibility. All that has been observed in the vegetable 
kingdom leads to the conclusion, that there are distinct species which 
t'ontinue to be perpetuated by seed, and that, although these may vary 
within certain limits, there is always a typical form to whi^ the 
varieties have a tendency to revert. By grafting and other horticultural 
operations, changes of a marked kind may be produced in fruits; but 
the seeds of such fniit, when sown, give rise to individuals resembling 
the original stock— they perpetuate the typical form, not the artificially- 
produced variety. 
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708. Clt[^n«nu— Certain species are more nearly allied than (Others, and 
are conTeniently grouped together so as to form a distinct Mind or genus, 
A genus then is an assemblage of nearly related species, agreeing with 
one another in general structure and appearance more closely than 
they accord with any other species. Thus, the various species of Roses 
compose one genus, which is distinguished by marked characters. 
Occasionally, a suhgenus is formed by grouping certain species, which 
agree more nearly with each other in some important particulars than 
the other species of the genus. The characters of the genera arc taken 
exclusively from the parts of fructification, while all parts of the plant 
frimish specific charjicters. In the name of a phint, the genus is given 
as well as that of the species. The latter was cjiUed by Lmnseus the 
trivial name. ThiLS, a particular species of Rose is called Rosa spirw- 
sissirm; the first being the genus, and the second the specific or trivial 
name. As regards the definition of genera and species, and nomen- 
clature in general, no one has conferred so much benefit on science as 
the great Linnaeus. This may be considered as among his highest 
titles to fame. 

709. Ordera. — Several genera agreeing in more general characters, 
although diffeiing in their special conformation, are grouped together 
so as to form an order or family. As genera include allied species, so 
orders embrace allied genera. Subdivisions arc also made to facilitate 
reference, so that suborders and tribes are fonued consisting of cer- 
tain genera, more nearly related in particular characters than others. 
'Ihus, the order Rosaceae, or the Rose family, includes the genera 
Rosa, Rubus, Potentilla, Fragarifi, Prunus, &c., which all agree in 
certain general characters; and the order is divided into various sub- 
orders, such as the true Roses, the Amygdalete, comprehending the 
Plum, Almond, Peach, &c. ; the Potentilleie, embracing the Cinquefoil, 
Strawberry, Raspberry, &c. (If 854). 

710. €la«aie». — Orders liaving some general characters in common, 
are united together in classes^ and subclasses are formed in tlie same! 
way as snibord^rs. This is the general plan upon which botanical 
classification proceeds. With the exception of the individual species, 
all the divisions arc more or less arbitrary. In making them, however, 
the object of the enlightened botanist is to follow what he considers 
to be the natural -affinities, and thus to trace, as far as possible, the 
order which pervades the vegetalde creation. 

711. Essential Characteni. — ^Each of the divisions of a system is 
accurately defined, the characters being as short as is consistent with 
precise diagnosis. Such characters are called essential^ and they em- 
brace only those points by which the group is distinguished from the 
others in the same section. Hie complete description of an individual 
species, from the root to the flower and fimit, is called the naJtwral 
character, and embraces many particulars which are not requisite for 
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the purpose of diagnosis. The essential characters of genera, when in 
Latin, are put in the nominative case, while those of species are in the 
ablative. 

712. lYomencliaturc* — ^The names of genera are variously derived, 

from the structure or qualities of the group, from the name of some 
eminent botonist, &c. ; while specific names have reference also to the 
country where the plant is found, the locality in which it grows, the 
form of tlie leaves, root, stem, or the colour of the flowers, &c. A^en 
a species is named in honour of its discoverer or describer, his name is 
put in the genitive, jis Carex or the Oarex detected by Vahl; 

but if it is merely in compliment to a botanist, his name is added in 
an adjective form, as Jungerniannia Doniami, or a Jungermannia named 
in honour of Don, as a botanist. Sometimes two nouns are united in 
a specific name, as Dictemnm Fraxinella, In such cases, the specific 
name is often an old generic one, has a capital letter prefixed, and 
does not necessarily agree in gender ivith the name of the genus. The 
name of the orders in what is called the natural system, are derived 
from one of the typical genera included under them. 

713. Abbreviatioiifii and Symbols. — It is of great importance that 
(jorrect descriptions should be given of species, for without them it is 
impossible to form the groups accurately. The difficulties of the 
taxonomist ai’e often greatly increased by imperfect and careless 
descriptions. Valuable directions are given in Lindley’s Introduction 
to B<)tany, as to the proper method of describing plants. There Jire 
certain abbreviations in constant use among botanists', which it may 
be of importance to notice here. Tlic authorities for genera and 
species are given by adding the abbreviated name of the botanist who 
described them. Thus, Veronica X., is the genus Veronica as defined 
by Linnajus; Veronica arvemis X., is a certain species of Veronica, de- 
fined by the same author; Oit^tropis DC,, is the genus as defined by 
De CandoUe. It is usual in descriptive works to give a list of the 
authors, and tlie symbols for their names. The abbreviation v. s. sp., 
means vidi siccain spontaneatn, or that the author has seen a dried wild 
specimen of the plant; v. s. c., memis vidi siccam cultam, or that he 
has seen a dried cultivated specimen; v. v. s., means vidi vivam spon-- 
taneam, or that he has seen a living wild specimen; while v. v. c., 
mciims vidi vivam cultam, or that the author has seen a living cultivated 
.^;.ecimen. The asterisk prefixed to* a name (* L.), indicates that there 
is a good description at the reference given to the work; while the 
<^gger ('j' L.), implies some doubt or uncertainty. The point of admira- 
tion (!DC.), marks that an authentic specimen has been seen, firom 
the author named; ;uid the point of interrogation (?) indicates doubts 
as to the correctness of genus, species, &c., according as it is placed 
after the name of the one or other. 0, 0 , (D > or A, annual; ^ , 0 0, 

or B, biennial; if, a, or P, perennial; h , 5 » or Sh, shrub; 
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(, twining to tho right; ), twining to the left; g, hennaphrodite; 
t ^ male; $ , female; $ — $ , monoscioiis, or the male and female on 
one plant; 3 : $ , dioecious, or the male and female on different plants; 
00 or 00 , means indefinite in number. After the description of a 
plant, its habitat^ or the country and locality in which it grows, is 
given. If the plant has been described by others, reference is given 
to the work in which the description may be found. If it hits re- 
ceived different names, tlie synmymes must be carefully detailed, and 
ought to be arranged in chronological order. 

714. ajatems. — ^Various attempts have been made at different times 
to classify plants. One of the earliest methodical arrangements was 
that of CaBsalpinus, in 1583. It was entirely artificial, and the same 
thing may be affirmed of those of Gesner, Morison, Kivinus, and Tour- 
nefort. The system propounded by Toumefort, was for a long time 
adopted by the French school, but was ultimately displaced by that 
of LinnsBUS, who must be looked upon as the great promulgator of the 
artificial method. In 1682, Ray published a system which laid the 
foundation of the natural method of classification. It was long 
neglected, and did not receive the attention it deserved, until Jussieu 
entered the field, and developed his riews. Since that time, the 
natural method has been advanced by the labours of De Candolle, 
Browar, Endlicher, Lindley, and many others. 

715. lilniiasaii fiysteiii. — ^Although the Linnssan system is not in 
conformity mth natural affinities, and does not tend to comprehen- 
sive views of stnicture, still it is useful to the student as an iiulex. 
LinnreuB himself did not consider it as occuppng a liigher position, 
and he stated distinctly that a naturfd method was the great object of 
scientific inquiry. TV hen not elevated to a rank which its author 
never meant it to occupy, this system may, with all its imperfections, 
be employed as a useful artificial key, and as such may be combined 
with the natural system. In many works of the present day, as in 
Babington’s Manu^ of British Bobiny, the Linnsean system is used 
as an index to the genera. In the Liunajan or sexual system, twenty- 
three classes are foimded on the number, position, relative lengths, and 
connection of the stamens; while the orders in these classes depend 
on the number of the styles, the nature of the fruit, the number of 
stamens in the classes where this character is not used for distinguish- 
ing them, and the perfection of thb flowers. Ihe twenty-fourth class 
includes plants having inconspicuous flowers, and in it tiie orders are 
formed according to natural affinities. Under these classes and 
orders, all the known genera and species were arranged. It is in the 
higher divisions that the system is artificial, for, as regards genera, 
the Lums^^rvles are followed even in the natural systems of the 
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716. TaBULAS VllBW OF THB ClaSSBS OF IHB LlHHJSAM StSXBM. 

A. ‘ Flowers present (Phanerogamia). 

I. Stamens and Pistil in every flower. 

1. Stamens Free. 

a. Stamens of equal length, or not diflering in certain propor- 
tions ; iQale or stamen, 

in Number 1, Class I. Monandria one. 

— 2, II. Diandria two. 

— 3, m. Triandria r^iTf, three. 

— 4, IV. Tetrandria... . four. 

— 5, V. Pentandiia, . . . « v«, five. 

— 6, VL Hexandria IS. six. 

— 7, VII. Heptandria....t)rr^. seven. 

— 8, Vin. OctBndrla......^«rA, eight. 

— 9, IX. EnTieandria....<m'«, nine. 

— 10, X. Decandria tejm 

— 12-19, XI. Dodecandria...^^^M», ^elve» 

— 20 » Inserted on Calyx XII. Icosandrla twenty. 

or more,) — on Receptacle XIII. Polyandria, many. 

h. Stamens of different lengths ; 

two long and two short, XIV. Bidynamia.. ..\ . , 

four long and two short, XV. Tctradynamia j P 

2. Stamens United ; 

by Filaments in one bundle, XVI. Monadeljjhial 

in two bundles, XVIL Diadelphia... > brother. 

in more than two bundles, XVIII. Polyadelphia) 

by Anthers (Compound flowers), XIX, Syngenesia. . 

with Pistil on a Column, XX. Gynandria yvvi>, female. 

II. Stamens and Pistil in different 

flowers ; on the same Plant, XXL Momecia ) .. ^ 

on different Plants, XXH. Dioecia | 

III. Stamens and Pistil in the same) 

or in different flowers on the> XXIII. Polygamia marriage. 

same or on different plants, . . . > 

B. Flowers Absent, XXIV. Cryptogamia.»;uirT^r, concealed. 


717 . Tabulab View op the Obbebb op the LinBaean System. 


Class I.) 

n. 

lU. 

IV. 

V. 

VL 

vn. 

vin. 

IX. 

X 

XI. 

XII. 

xin.J 


Monogynia.... 

Digynia, 

Trigynia, 

Tetragynia,... 
Pentagynia,... 
Hexagyni^... 
Heptagynia, .. 
Octogynia, .... 
Enneagynia,.. 
Decagynia, ... 
Dodeca^nia, 
Polygynia, ... 


1 Free Style , 

2 Free Styles 

3 — 

4 • — 

5 — 


. 6 — 

, 7 -- 

, 8 — 

, 9 — 

10 — 

12-19 — . 

.20 and upwards 


yvvii, female or pistil. 

/Mvest one. 

S/V, two. 

... three. 

four. 

trivTit five. 

f|. six. 

.lirrA, seven. 

eight. 

nine. 

ten. 

twelve* 

rdXvr, many. 





ABTmOIAL SYSTEM, 


fGymnospermia. ...Fmitformedbyfonr AchaBniaV yv/ofct, naked. 

yny* << Angiospenaia Froi^ a two-celled Capsnle,> £9^0^, a vessd. 

v; ( with many ^eeds ) nrt^fAct, a seen. 

XV Frait, a Silicula. 

* ISiliqnosa, Fruili a Siliqua. 

XVl) 

XVn.> Triandria, Decandria. &c. (number of Stamens), as in the Classes. 

xvni.) 

fPolygamia iBqualls, Florets all hermaphrodite. 

Superflua, . . .Florets of the disk hermaphrodite, those of the 

ray pistilliferous and fertile. 

Fru8tranea,.,Florets of the disk hermaphrodite, those of the 

XIX. <( ray neuter. 

Necessaria,.. Florets of the disk staminiferous, those of the 

ray pistilliferous. 

• Segr^ata,..JSach floret having a separate involucre. 




(^Monogamia, Anthers united, flowers not compound 

Monandrla, Diandria, &c. (number of Stamens), as in the Classes. 


XXIII. j 

t lMoecia, 

Filices, Ferns. 

Musci, Mosses. 

HepatiosB Liverworts. 

I Li<^enes, ^v.Xichcns. 

I Algas, Sea- weeds. 

( Fungi, Mushrooms. 


XXIV. 


Hermaphrodite, staminiferous, and pistillifer- 
ous flowers on the same plant, 
on two plants, 
on three plants. 


718. Even as an artificial method, this system has many imperfec- 
tions. If plants are not in full flower, with all the stamens and styles 
perfect, it is impossible to determine their class and order. In many 
instances, the different flowers on the same plant vary as regards the 
number of the stamens. Again, if carried out rigidly, it would separ- 
ate in many instances the species of the same genus ; but as Linnaeus 
did not wish to break up his genera, which were founded on natural 
affinities, he adopted an artifice by which he kept all the species of 
a genus together. Thus, if in a genus nearly all the species had both 
stamens and pistils in every flower, while one or two were monoecious 
or dioecious, he put the name of the Latter in italics, in the classes and 
orders to which they belonged according to his method, and referred 
the student to the proper genus for the description. 

719. Natnvai Systeat. — ^It has been already stated, that a natural 
system endeavours to bring together plants which are allied in all 
essential points of structure. It purposes to ascertain the system of 
nature, and the aflhnties of plants; and, in doing so, it t^es into 
account ,all their organs. Every natural method, however, is, to a 
((pertain extent, artiflcial, and is likely to be so. It is impossible to 
.^ow the aflhiities of plants in a linml series; many orders pass insen- 
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sibly into others, so that iihelr cannot be accurately defined; and 
no perfect system can be constituted until all the plants of the globe 
are known. Moreover, many artificial means are avo’v^edly used in 
all natural systems to aid the student.* 

720. The early natural systems were very imperfect, being founded 
on comparatively vague views of structure and affinily. Such were 
the systems of Magnolius and Adanson. The sketch of a natural sys- 
tem by Linnajus was very incomplete, and even that of the celebrated 
Ray was imperfect. It was not until the knowledge of structural 
botany had advanced, that the affinities of plants were ascertained, and 
the relative importance of the different characters discovered. The 
natural systems of the present day recognize a certain subordination .of 
characters, founded on the fact that some organs are of more impor- 
tance to the life of phmts than others. Tlie relative values of these 
chjjracters are determined by tlie study of organization, and are not 
fixed by arbitrary rules. Tlie following table will illustrate this 
subordination of character: — 


* 721— SonoRniNATioN in Value of the Oeganb of the same Class. 


Relative Values. 

1 . 

2 . 

3 . 

4 . 

5 . 


ElcmentaTy. 
Cellular Tissue. 

f Vascular Tissue 

1 a. Spiral Vessels. 

I h. Ducts 

Stomata 


Reproductive. 


Embtyo ^r Spore, 
a. Cotyledon. 
h. Radicle, 
c. Plumule. 

Boot, Stem, Leaf, 
Frond, Thallus. 


"l. Stamens and 
Pistil. 

2. Fruit. 
Pericarp. 
Theca. 
'Perianth. 

a. Corolla. 

, b. Calyx. 
“Inflorescence, 
Torus, Nectary, 
Bract, Invo- 
lucre. 


722. Thus, cellular tissue occupies the liighest place, as being most 
universally diffused, and capable of carrying on all the fimetions; next 
comes vascular tissue. By the consideration of these, the two great 
divisions of cellular and vascular plants are determined. There is 
nothing in the nutritive and reproductive systems of the same value as 
cellular tissue. The embryo and its parts are reckoned as occupying 
the liighest place in the nutritive system, and as corresponding in value 
with the vascular among the elementaiy tissues. In the same way 
the other values are determined. In examining organs, it is essenti^ 
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to compare those which belong to the same series; for an organ which 
occupies the highest place in one series, may be inferior in value a 
second-rate organ in another. The comparative importance of the 
different series must be taken into account also. Thus, the nutritive 
may be considered as of more importance than the reproductive func- 
tion, as being more essential for the life of the individual; and an 
organ of first-rate value in the one, will therefore assume a higher func- 
tion than one of the same value in the other. The changes which take 
place in any one set of organs are often accompanied with changes in 
others; and thus it is found that natural divisions may be arrived at 
by different routes — ^for instance, by the elementary, nutritive, and re- 
productive functions. This gives the true notion of affinity; and chis- 
sifications formed on such principles will obviously be more valuable, 
in a pKujtical and physiological point of view, than those which adopt 
characters in an arbitrary manner. 

728. Primary Plvisionfl of the Vegetable Kingdoai. — In taldng a 
survey of the Vegetable Kingdom, some plants are found to be com- 
posed of cells only, and are called Cellular (T 8); while others consist of 
cells and vessels, especially spiral vessels, and are denominated Vmcular 
(IT 28). If the embryo is examined, it is foimd in some cases to have 
cotyledons or seed-lobes, in other cases to want them; and thus some 
plants are cMtfUdmpus^ others acotyledonmis (H 590); the former being 
divisible into monocotyledonov.% having one cotyledon, and dicotyledo-^ 
rmusj having two cotyledons. The radicle;, or young root of acotyle- 
dons, is Jiet&rorhizaUfi 029), that of monocotyledons is e/ndorhiz(d(^ 628), 
that of dicotyledons, exorhizal.(^ 629). Wien the stems are taken 
into consideration, it is seen that marked differences occilt hero also, 
acotyledons being acrogemms^ monocotyledons endoge7imu% and dicoty- 
ledons exogenous (T 107). Tlie venation of the leaves, whether parallel 
or reticulated 143), establishes the same great natural divisions; and 
similar results arc obtained from a consideration of the flowers, mono- 
cotyledons and dicotyledons being 'phanerogaimms^ and acotyledons 
cryptogamous (1 323). 

724. Thus, the following grand natural divisions are arrived at: — 

1. Cellular... Acotyledonous. Hetcrorhizal. Acrogenous. Cryptogamous. 

9 VooAinio,. /Mouocotyledonous. Endorhizal. Endogenous.VT>v„„^^^„^^^„„ 

2. Vascular.. |p>ieotyledonous. Ex6rhizal Exogenous. / ^Phanerogamous, 

Tliese larger groups are, on similar principles, subdivided, until at 
length genera and species are reached by a process of analysis. 
Similar results will be obtained by a synthetical process, conducted 
on the same principles, and proceeding from species upwards. 

725. Henslow illustrates the divisions and subdivisions of a natural 
system by reference to Anihyllis Vulmrana^ thus: — 
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I. Class 

Subclass 

II. Order 

Suborder 

Tribe 

Subtribc 

III. Genus 

Subgenus or Section 

IV. Species 

Variety 

Race 

Variation 


Dicotyledoncs. 

Calycifloraa. 

Leguminosse. 

Papilionacete. 

Loteai. 

Genisteee. 

Antliyllis. 

Vulneraria. 

Vulneraria. 

Dillenii. 

Floribus coccineis. 
Foliis hirsutissimis. 


72(5. The most important natural systems are those of Jussieu, De 
r-andolle, Endlicher, and J jindley. The larger divisions of each of them 
are given in a tabular form. 


727. — Classes op Jussieu’s System. 

Acotylcdones, Class J . 

iMono-hypogynaj, (Stamens hypogynous,) 11. 

Monocotyledones,... jMono-perigyn/c,..^ — perigynous,) III. 

(Mono-epigyiiai....( epigj’nous), IV. 

"Monoclines, Flowers hermaphrodite. 

rEpistamine®, (Stamens epi^nous, ) V. 

Apetahe, KPoristamincai, ( perigjnous VI. 

(No Petals.) (Hypo.stamme®,,..( hypogynous, VII. 

r Hypocoroll®, (Corolla hypogynous,) VIII. 

I Pcricorollie ( perigynous,) IX 


Monopetal®, 
(Petals united.) 


/ (Corolla 

Epicoroll®,... t epigynous,) 


X. 


( Epipetal®, . 


XI. 


Polypetal® KPeripetahe, ( 

(Petals distinct) (Hyi^opetal®, ....( 


( Synanther®, 
j (anthers united.) 

I Corisanther®,.... 

( (anthers free.) 

(Petals epigynous,) XII. 

perigynous,) XIII. 

hypogynous,) XTV. 


[Diclines, Flowers unisexual, or without a perianth, XV. 

Under these Classes Jussieu included 100 Natural Orders, or Groups of Genera. 


728. — Classes oe the Natural System of De Candolle. 


Dinhlamydc®, 
having calyx 
and corolla. 


A. Vasculares or Cotyledonea'. 

Class I. Oicotylcdones or Exogen®. 

Subclass 1. Thalamiflor®, Petals distinct, stamens by po- 

gynous. 

2. Calyciflor®,* Petals distinct or united, sta- 
mens perigynous. 

3. Corollifloraj, Petals united, hypogynous, 

^ bearing the stamens. 

^^p^ri^h^^^^} Monochlamydeie,...A calyx only, or none. 

Class n. Monocotyledones or Endogen®. 

Subclass 1. Mou-Phanerogom®, Having floral envelopes. 

2. Mon-Cryptogamae, Having no floral envelopes. 
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SYSTEM OF ENDLICHEB. 

B, Cellulabbs OB Acotylbdobe^. 

Class in. Acotyledones. 

Subclass 1 . FoliosQB, Having leaves. 

2. Aphyllsc, Leafless. 

729. By some recent authors, this system has been modified, so as 
to include, under Corolliflorae, all Dicotyledons with united petals, whe- 
ther hypogynous or not, and to exclude from Class IT. all plants 
without flowers. It is then presented in the following form : — 

Modification op De Candolle’s System. 

Class 1. Dicotyledones or Exogcna:. 

Dichlamydese, TSabclass 1 . Thalamiflorai,.. .Petals distinct, stamens hypogynous. 

having calyx •< 2. Calyciflorm, Petals distinct, stamens perigynous. 

and corolla. ( 3. Corolliflorse, Petals united, bearing the stamens. 

^ perianth 4. MonochlamydecD,.A Calyx onfr, or none. 

Class II. Monocotylcdones or Endogense. 

Subclass 1. Pctaloideaj or Ploridae, Floral envelopes verticillate. 

2. Glumaceai, Floral envelopes imbricated. 

Class III. Acotyledones or Acrogenas. 

Subclass 1. ^theogamas, Having vascular tissue. 

^ 2. Amphigamm or Cel]ularcs,.£ntirc]y cellular. 

730. System of Endlicheb. 

BEGION I. — ^THALLOPHYTA. frond a plant). No opposition 

of stem and root. No spiral vessels, and no sexual organs. Pro- 
pagated by spores. 

Section i. Protophyta (irgSroe, first or originating). Developed without 
soil; deriving nourishment all around; fructification indefinite. 
Section ii. Hystbrophyta posterior or derivative). Developed 

on decaying organisms ; nourished internally from a matrix ; 
all the organs appearing at once, and perishing in a definite 
manner. 

REGION n. — CORMOPHTTA a stalk or trunk). Opi)Osition of stem 

and root. Spiral vessels and sexual organs distinct in the more 
perfect. 

Section m. Aobobbya summit, and figvu, to germinate). Stem 

increasing by the apex, the lower part being unchanged, and 
only conveying fluids^ 

Cohort 1. Anop^ta («»«, above). No spiral vessels. Both sexes pre- 
sent. Spores free within spore-cases. 

Cohort 2. Protophyta. Bundles of vessels more or less perfect. No male 
organs. Spores free within one- or many-celled spore-cases. 
Cohort 3. Hysterophyta. Both sexes perfect. Seeds without an 
. embryo, consisting of many spores. Parasitic. 

Beotion iy. Amphibrya (A/uf around). Stem increasing at the circum- 
ference. Vegetation peripherical. 
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Section v. Acbamphibkta and Stem increasing ,both 

by apex and circnmferencc. Vegetation peripberico- terminal. 

Cohort 1. Gymnospermae naked, aadovs^fub, seed). Ovules naked, 

receiving the fecundating matter directly at the micropyle. 

Cohort 2. Apetalaj («, privative or without and irir»Kev, a petal). Perigone 
cither wanting or rudimentary or simple, calycine or coloured, 
free or adherent to the ovary. 

Cohort 3. Gamopetaloc (yAyuaj, union). Perigone double ; outer calycine, 
inner corolline ; gamopetalous, rarely wanting by abortion. 

Cohort 4. Dialypctalflb (h»x.uai, I separate). Perigone double; outer 
calycine, parts distinct or united, free or attached to the ovary ; 
inner corolline, parts distinct or very rarely cohering by means 
of the base of the stamens ; insertion hypogynous, perigynous, 
or epigynous ; sometimes abortive. 

Under those sections, Endlicber enumerates 279 natural orders, which 
are grouped under 61 classes. 

731. Division OP THE Vegetable Kingdom BY Lindlby. 1839. 

fCyclogcns, /Class I. Exogens (proper). 

Exogens < (Wood in circles,) \ II. Gymnogeiis (naked seeds). 

(.Wood in wedges, III. Horaogens. 

fSperraogens, / IV. Dictyogens (leaves reticulated). 

Endogens J (Bearing seeds), \ V. Endogens (proper). 

(Bearing spores, VI. Sporogens or Rhizanth§, 

A ^ /Distinct Stem, VII. Cormogens. 

^ xhallus, VIII. Thallogens. 

In the Exogens and Endogens, the following subordinate series of sub- 
chusses are formed: — 

1. Consolidated. Floral envelopes are united both with each other and the 

stamens, and with the ovary. 

2. Separated. Floral envelopes and stamens are united to each other, but the 

ovary is consolidated and free. 

3. Adherent. Petals and sepals adhere to each other and the stamens and 

ovary, but have their parts disunited. 

4. Disunited. Petals aud sepals adhere to each other and the stamens, but 

have their parts disunited, and do not adhere to the consolidated ovary. 

5. Dissolved. Petals and sepals are distinct from the stamens, and also from 

the ovary, whose carpels are disunited, either wholly or by the styles. 

In each of these subdivisions, the orders are arranged in two series, 
tlie one Albuminous, the other Exalbuminous. 

732. Lindlbt’s Division op the Vegetable Kingdom. 1846. 

Asexual or Flowerlesb Plants. 


Stem and leaves undistinguishahle, Class L Thallogens. 

Stem and leaves distinguishable, IL Acrogeus. 
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Sexual or Flowering Plants. 


Fructification springing from a thallus, IIL Bhizogens. 

Fructification springing from a stem, 

Wood of stem youngest in tlie centre, cotyledon single. 

Leaves parallel-veined, permanent, wood of stem al- 
ways confused, IV* Endogens. 

Leaves net-veined, deciduous, wood of stem, when 

perennial, arranged in a cirde with a central pith, V. Dictyogens. 
Wood of stem youngest at the circumference, always 
concentric, cotyledons two or more. 

Seeds quite naked, VI. Gymnogens. 

Seeds endosed in seed-vessels, VII. Exogens. 


The following are the subdasses of Endogens and Exogens adopted by 
Lindley: — 

Enboqens. 

Subclass I . Glumaceous — Floral envelopes imbricated. 

2. Fetaloid. — ^Floral envelopes vertidllatc. 

<L Unisexual, often achlamydeous. 

A Hermaphrodite, ovaiy adherent, 
c. Hermaphrodite, ovary free. 

Exogens. 

Subclass 1. Diclinous. — ^Flowers unisexual. 

2. Hypogynous. — ^Flowers usually hermaphrodite, stamens completely 

hypogynous, free from the calyx or corolla. 

3. Perigynous. — Flowers usually hermaphrodite, stamens growing to the 

side .of either the calyx or corolla; ova^ superior, or nearly so. 

-4. Epigynous. — Flowers usually hermaphrodite, stamens growing to 

the side of either the calyx or corolla ; ovary inferior, or nearly so. 

Under the dasses, Lindley enumerates 303 natural orders, which are 
grouped together imder 56 alliances. In this system of Lindley, tlu^ 
divisions of Asexual and Sexual plants correspond to Eiidlicher’s 2 
Kegions ; the 7 classes represent Endlicher’s 5 sections ; and tlie 56 
alliances are equivalent to the 61 classes in Endlicher’s system. 

733. This division may be presented thus: — 

Classes. Wood. Leaves. EiwS^ea S®^*-**- Embryo. 

1 . Exogence Exogenous..Nctted Quinary..Perfect Dicotyledonous. 

2. Gymnospermse Exogenous.. Parallel orforked.Nonc Imperfect..Dicotyledonous. 

S.Endogoua*. Endogenou6.Parallel...,u Tomary..Perfect Monocotyledouous. 

4. Diclyogcna: Endogenous.Netted Ternary.. Perfect Monocotyledonous. 

5. Bhizanuiss None None Varial>le.lmperfect.AcotyledonousV 

6. Acrogonse AGrogenous.Forked or nonc.J!7ono None Acotyledonous. 

7. ThaUogen^e Eone None None None Acotyledonous. 

734. Henslow has given a comparative view of all these systems, 
pointing out, in a tabular form, the coircspondmg divisions in each of 
them; — 
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735, In the succeeding pages the natural orders will be grouped 
under .the following divisions 

A. Phakebogahottb, ob Tasculab Flowebing Plants. 

Class 1. Dicotyledones or Exogense. 

Subclassi .l^halamiflors^ Petals distinct, "I 

stamens hypogynous I Polypetalas of Jus- 

2. CaJyciflorm, ....... Petal$ distinct, ( sieu. 

stamens perigynous J 

3. Corolliflorae, Petals united,! Monopctalm of 

bearing the stamens / Jussieu. 

' 4. Monochlam;^ea5,. A calyx only,”! 

or none.... 1 1 Apetalas and partly 

a. Angiospermac, seeds in an ovary. [ Diclines of Jussieu. 
h, Gymnospermse, seeds naked. J 

Class II. Monocotyledones or Endogenm. 

Subclass 1. Dictyogenoi, Floral envelopes verticillate, leaves reticulated. 

— 2. Petaloideas or Florida;, Floral envelopes verticillate, leaves parallel- 

veined. 

a. Hermaphrodite, ovary adherent. 
h. Hermaphrodite, ov^Vy free, 
c. Unisexual, often acblamydeous. 

3. Glumacese, FlorM envelopes imbricated, leaves parallel-veined. 

B. Cryptogamous, or Cellular Flowerlebs Plants. 

Class III. Acotyledones or Acrogeno;. 


Subclass' 1. JEtbeogamae or Cormogeno;. Having vascular tissue 

2. Amphigamse, Thallogenas, or Ccllulares, Entirely cellular. 


*- CHAPTEK II. 

ARRANGEMENT AND CHARACTERS OF THE CLASSES 
AND NATURAL ORDERS. 

SECTION I.— PHANEROGAMOUS PLANTS. 

Class I. — Diootyledones and ExooENiE, Jms, andDC. Aoramthibrya, End 

736. This is the largest class in the vegetable kingdom. The plant 
included under it have a cellular and vascular system, the latter con 
sisring partly of elastic spiral vessels (fig. 49). The stem is more o 
less conical, and exhibits wood and true bark. The wood is exogenous 
t. e. increases by additions at the periphery, the hardest part bem, 
internal (T 72, &c.) It is arranged in concentric drcles. Pith exist 
in the centre, and momi it diverge medullary rays. The hark is separ 


Dichlamydem 
having calyx \ 
and corolla. 


Having a sin- 
gle perianth. 
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able, and increases by additions on the inside. The epidermis is furnished 
with stomata (T 50). The leaves are reticsulated (if 143), usually 
articulated to the stem. The flowers are formed upon a quinary 
or quaternary type, and have stamens and pistils. 'The ovules are 
either enclosed in a pericarp, and fertilized by the application of the 
pollen to the stigma, or they are naked, and fertilized by the direct 
action of the pollen. The embryo has two or more opposite cotyle- 
dons, and is exorhizal in germination (1[ 629). 

Subclass 1. — ^THALAMiPLO&.a:.''‘ 

737. Calyx and corolla present; petals distinct,*!* inserted into the^rala- 
nius or receptacle; stamens hypog 3 nious. This includes the hypogynous 
jjolypctalous orders of Jussieu, and a tiiclinous order (MenispermacesB). 

738. Order 1. — Rannneaiaccxe, the Crowfoot Family. (PolypetaleB 
HypogyrhceJ) Sepals 3-6, frequently 5, deciduous 
(fig. 556 c). Petals 5-15 (fig. 556 j? e\ rfircly 
abortive, sometimes anomalous in form (figs. 

284 p, 285), occasionally with scales at the 
Ijase (fig. 555 a). Stamens usually indefinite, 
hypogjmous (fig. 550 e) ; anthers ^adnate (tigs..!\ 

558, 559) ; carpels numerous, 1 -celled (fig. 

556 p i), distinct, or united into a single many- 
celled i^istil; ovary containing one anatropal 
ovule (figs. 492, 560 or several united to 


6<{l 559 55f; 558 

the inner edge. Fruit various, either dry acha^nia (fi^s. 463, 561), 

• Thidanim^ receptacle, and dower, 

t Sometimes the petals are aboitivu, and it is then difficult to determine whether the plant 
heloiij^s to this subclass or to Monoohlaraydem. 

''4;^ rt.5(;~-5Gl.— •Exhibit the organs of fraetiltcation of Ruimnculus tu'rls, to illustrate the 
ii.iim-al order Raiiunciilacea;. 

Pig. 55C.— FloAver cut vertically. Calyx, y/e, Petala, c. Stamens. y>«, IMstU composed of 
Several curiicls on an elongated receptacle or axis. 

1‘ig. 657.— Diagram of the flowfir, showing 5 inibilcutcd sepals, 5 petals alternating wdth the 
sepals, iTideiluite stamens in several wliorls, mnUiples of the petals, and numerous carpels or 
afhmnia in the centre. 

i'lg. 56S.— Adnate anther seen on the outer side. The antlicr is in this instance extroi*se. In 
rmonia and other Itauuneulacem it is introi*se. 

Fig. 659. — Adnate anther vierwed on the inride. 

Fig. 5(i0. — Vertical section of the ovary, o, showing the ovule, g. s. Stigma. 

Fig. 561. — Fruit or achsenium cut vertically. /, Pericarp, f, Spermoderm or integument of the 
anatn)pal seed, y/, Pcrispemi or albumen, between flesh}' and homy, c, Minute embryo. 

2 A 
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or 'baccate or follicular (figs. 443, 468). Seeds alburainous, erect, or 
^pen:dulous ; albumen homy (fig. 561 p) ; embryo minute (fig. 561 e). 
-^-®erbaceous, sufiruticose, or rarely slirubby plants, having alter- 
nate or opposite, simple, much-divided leaves, with dilated sheathing 
petioles (fig. 233). Juice watery. Hairs, if present, simple. 

739. The plants of the order are found in cold damp climates, and 
in the elevated regions of warm countries. Europe contains one-fiftli 
of the order, and North America about onc-sevcutli. The order is 
divided into five suborders:—!. Clematide®; 2. Anemonca? (fig. 247) ; 
, 8* IJanunculeas (fig. 233) ; 4. Hellcboreffi (fig. 443) ; 5. Acta^ffi, or 
Paoiiise (fig. 370), according to the ccstivation of the calyx, the natuiv* 
of the jfruit, &G. Ilenslow gives the folloAving iinalysis of these sub- 
orders, with the number of British species in each : — 


3 pec. Brit. 

1. Clematidere, 

2. AnemoftBa),. 9 I 

8. Kanttficnlcie, 20 f 

4. Hclleboreai, 9 J 

5. 2 


Anther. Cnnxil. Seed. 

( mono- > , r 

extrorseC sperm j 

J (ircci* 

polyspcrm. * 
introrse ♦ * 


-Kstiv. 

vnlviitv.-. 

iiuhrirnte. 

* 


Lindley enmnerates 41 known genera, comprising 1000 sp('cies. 
Examples of tli^ genera — Clematis, Anemone, Kammoulns, Ilelloboriis, 
Delphinium, Aconituin, Acta?^ Pajonia, IkidoplijUum. 

740. Tlic order has narcotico-aciid properties, and the plants are 
usually more or less poisonous. 41ie acridity is frequently voLitih*, 
and disappears when the plants are dried or heated. It varies in dit- 
. ferent parts of the plants, and at dilTerent seasons. Ranunculuf^ (the 
genus wdience the order is named) contains mmiy acrid species, such 
as R, sceleratiiSj alpestris^ hulbosits, gramineus^ aem, and Fhvmmnla; 
while others, such as R, repens^ aquatllisy Lingua^ and Fieavin^ ari* 
bland. The acridity is entirely lost by drying, and it disap])ears in the 
pericarps as the seeds, which are themselves bland, rip(‘n. Tlic leaves 
of Aconitum Napellvs, Monkshood, contain a narcotic alkaloid, called 
acoidta or acouitina. Ihey are used as an anodyne in neuralgic affec- 
tions, in the forin of extract and tincture. The root of Aconitum Jh or 
furnishes the powerful East Indian poison, called Bikh or Nahee. The 
leaves of Clematis recta and Flammula have been used as vesiciuits. 
The seeds of Delphinium StapJmagria, Stavesacre, are irritant and 
nai’cotic, and arc used for destroying vermin. Tliey owe their activity 
to an alkaloid principle, called delphinia. The Hellebores have been 
long noted for their irritant qualities. HeUeborus officinalis, niger, 
feeiidvs, viridis, act as drastic purgatives ; hence the use of some 
of them in aiicient t^mes in cases of mania. The rhizome of Podophyl- 
lum peltatum, May-apple, is employed in America as a purgative. 
Some of the Ranunculaceee are chiefly marked by bitter tonic pre- 
ppies. 
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741. Order 2. — ^B>jiiciriaccfe, the Dillenia Family. {Pdypet JBtypog^ ' 
Sepals 5, persistent. Petals 5, deciduous, in a single row. Stamens 
indefinite, hypogynous, either distinct or combined into bundles ; fik- 
nicnts dilated at the base or apex; anthers adnate, introrse, with 
Jongitudinal dehiscence. Ovaries de&iite, more or less distinct, with a 
terminal style and simj)le stigma; ovules ascending. Fruit of 2-5 cap- 
sular or baccate uniloculiir cai'j)els, which are either distinct or coherent. 
Seeds arillate, several in each carpel, or only two, or one by abortion; 
testa (spermoderra) hard; embryo straight, minute, at the base of 
lloshy albumen. — plants of the order are trees, shrubs, or under- 
shrubs, having alternate, exstipulate, coriaceous, or rough leaves. 
'Hiey ai*e found chiefly in Australasia, Asia, and the warm parts of 
Americji. Tlic'y have astringent properties, mid some of the species 
afibrtl excelli*nt iimbt'r. Liiidley enumerates 2G genera, including 200 
species. Kxmrvpk^ — llillenia, Delima. 

742. Order 3. — :Tinsnoiiacr(e, the Magnolia Family. (Polypet 

Hypay.) Sepals 2-0, usually deciduous. Petals 2-30, hypogynous, 
often in several rows. Sbunens indefinite, distinct, hyjiogynous ; an- 
thers adnate, long, dc'hiscing longit udinally. Carpels numerous, 1- celled, 
arranged upon a more or less elevated recciilacle ; ovules anatropal, 
suspended or as(tonding; styles short. Fruit consisting of numerous 
distinct or partially coherent carj^els, which arc either dehiscent or 
indohiscent, sometimes samaroid. Seeds, when ripe, often hang sus- 
jKjiided from the oaqxls by along slender cord; embryo minute, at 
tlic base of a llesliy jierisjienu. — ^Trees and shrubs, witli alternate 
eoriactiuns leaves, and deciduous convolute stipules. They abound in 
JShirlh America, and some, species occur in South America, China, 
Jaj»au, INhiw Holland, and New Zcidand. The order has been divided 
into two suborders: — 1. Winlerca^; aromatic plants, in which the 
ieaves are dotted, the car]iels are in a single verticil, and the wood 
often consists of punctated tissue (fig. 47). 2. Magnolieaj; bitter plants 

with fragrant flowers, in which the carpels are arranged in several 
rows on an (devated receptacle (fig. 306), and the leaves arc not 
dotted. Lindley mentions 11 kno'wn genei’a, comprismg 65 species. 
Exnmpkf^ — lllieium, Drimys, iMagnolia, Liriodendron. 

7 i3. The properties of the order are bitter, tonic, and often 
aromatic. Jllicmn anisatum^ Star-anise, is so called from its carpels 
bi ing arranged in a star-like niann«i', and having the taste and odour 
• r anise. Its fruit is employed as a carminative. Drimys Wmteri or 
aromaticay brought by Captain Winter from the Straits of Magellan in 
1579, yield’s Winter’s bark, which has been employed medicinally as 
an aromatic stimulant. It somewhat resembles CancUa bark. Magrwlias 
are remarkable for their large odoriferous flowers, and their tonic 
qualities. The bark of Magnolia glaxicay Swamp Sassafras or 
Beaver-tree, is used as a substitute for Peruvian bark. Lmodendron 
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tii9 Tolip-tree^ -marked by its tranoate leaves, has similar 
• piroii^ities. 

, 744. Order 4.— A«**a«e», the Custard-apple Family. (Pob/pet. 
fil^PPg*) Sepals 3-4, persistent, often partially cohering. Petals 6, 
^ypogynous, in two rows, coriaceous, with a valvate ajstivation. Sta- 
mens indefinite (very rarely definite); anthers adnate, extrorse, with 
a large 4-comered connective. Carpels usually numerous, separate 
i)r cohering slightly, rarely definite; ovules anatropal, solitary or several, 
erect or ascending. Fruit succiilent or dry, the carpels being one or 
many-seeded, and either distinct or united into a fleshy mass; spermo- 
derm brittle; embryo minute, at the base of a ruminated perisperm. — 
Trees or shrubs, witJi alternate, simple, exstipulatc leaves, foiuid usually 
In tropical countries. Lindley enumerates 20 genera, including 300 
?peciGS. Examples — ^Anona, Uvaria, Guatteria. 

745. Their properties are generally aromatic and fragrant. Some 
Df tlie plants are bitter and tonic, others yield edible fruits. Tlic Cus- 
bard-apples, Sweetsops, and Soursops of the East and West Indies, are 
fiimished by various species of Anona, such as A. sqmmosa^ reticulata^ 
and muricata. Anona cherirnolia furnishes the Cherimoyer, a web- 
known Peruvian ftuit. The fruit of Xjjlopia aromatica is commonly 
called Ethiopian Pepper, from being used as pepper in Africa. Xylopw 
glabra is c^ed Bitter-wood in the West Indies. The Lancewood 
of coachmakers appears to be furnished by a plant belonging to this 
order, called by Schomburgk Duguetia quitarensis. 

746. Order 5. — ^laeninperniacvie, the Moon-seed Family. {Polypet, 
Jffypog,) Flowers usually unisexual (often dicncious). Sepals and petals 
similar in appearance^^in one or several rows, 3 or 4 in each row, 
hypogynous, deciduous. Stamens monadelphous, or (jccasiouiilly free ; 
anflicrs adnate, extrorse. Carpels solitary or numerous, distinct or 
partially coherent, unilocular; ovule solitary, curved (fig. 420). Fruit 
a succulent 1 -seeded oblicpie or lunate drupe. Embryo curved or 
peripherical; radicle superior; albumen fleshy, sometimes wanting. — 
The plants of this order are sarmentaceous or twining shrubs, with 
alternate leaves, and very small flowers. The wood is frequently 
arranged in wedges, and hence the order was at one time put under 
the division called Homogens by Lindley (IT 90 and 731). Tlie order 
is common in the tropi^ parts of Asia and America. There are 
23 known genera, including 202 j^ecies. Examples — ^Menispermum, 
Cksampelos, Cocculus, Lardizabala, Sch|fEandra. 

747. The species are bitter and narcotic. Some are employed as 
tonics,, others have poisonous properties. The root of Cocculus pal- 
matus^ a plant found in the eastern port of Africa, is known as Calumba- 
root, and is used as a pure bitter tonic in cases of dyspepsia, in the 
form of infusion or tincture, It contains a bitter crystallizable prin- 
ciple osiled Calumbin. Cocculus. mdicus is the fruit of Anamirta 
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Cooculm. It is extremely Mtter, and contaiiis a crystalline poisonoijs^ 
narcotic principle, Picrotoxin, which is its active ingredient. It has 
been used externally in some cutaneous affections. At one time it 
was Employed, most prejudicially, to give bitterness to porter. C&- 
sampelos Pareir,a^ Wild-vine or Velvet-leaf, furnishes Pareira-brava- . 
root, which is employed as a tonic and diuretic, and has been, recom- 
mended in chronic inflammation of the bladder. 

748. Order 6. — ^BerberUiaceie, the Berbeipy Family. {PolyptL 
HypogJ) Sepals 3-4-6, deciduous, in a double row. Petals hj'pogyn- 
ous, equal in number to the sepals, and opposite to them, or twice as 
many, often having an appendage at the base on the inside. Stamens 
("qual in numbcxr to the petals, and opposite to them; anthers adnate, 
bilocular (dithecal), each of the loculi opening by a valve from the 
bottom to the top. Carpel solitary, unilocular, contfiining 2-12 
anatropal ovules; style sometimes lateral; stigma orbicular. Fruit 
baccate or capsular, indehisccnt. Albumen fleshy or homy; embryo 
straight, sometimes large (fig. 494). — Shrubs or herbaceous perennial 
plants, with alternate, compound, cxstipulate leaves. Tlie true leaves 
.arc often changed into spines (fig. 231 /). Found chiefly in the moun- 
tainous parts of the temperate regions of the northern hemisphere. 
The plants of the order have bitter and acid properties. The bark 
and stiim of Berheris vulgaris^ common Berberry, are astringent, and 
yi(*ld a yellow dye; the fruit confciins oxalic acid, and is used as a 
prtisorve. J^indky enuuK^rates 12 genera, including 100 species. 
Examples — ^l^erberis, Epimedium, Leontica 

749. Order 7. — Cabombacoie, the Watershield Family. {Polypet, 
TTypog.') Sepals 3-4. Petals 3~4, alternate wifh the sepals. Stamens 
hypogjmous, arising from an inconspicuous torus, two or three times 
the number of the petals; anthers linear, introrse, continuous with the 
filament. Caiq^cls 2 or more; stigmas simple; ovules orthotropaL 
Fruit indehiscent, tipped with the indurated styles, containing one 
or two pendulous seeds. Embryo minute, enclosed in a vitellus (the 
sac of the amnios), and placed at the base of a fleshy perisperm. — 
American aquatic plants, with floating peltate leaves. Lindley men- 
tions 2 genera, including 3 species. Examples — ^Hydropeltis, Cabomba. 

750. Order 8. — i^ymphseacm, the Water-lily Family (fig. 562). 
{Polypet Hypog,') Sepals usually ’4, sometimes confounded with the 
petals. Petals numerous, often ptussing gradually into stamens (fig. 
310, 2). Stamens indefinite, inserted above tlje petals into the torus 
(fig. 562 c); filaments petaloid; anthers adnate, introrse, opening by 
two longitudinal clefts. Torus large, fleshy, surrounding the ovary 
more or less (fig. 562 t). Ovary multilocular, many-seeded, with 
radiating stigmas (fig. 562 s)\ numerous anatropal ovules. Fruit 
many-celled, indehiscent. Seeds very numerous, attached to spongy, 
dissepiments; albumen fitrinaceous; embryo small, enclosed in a fleshy 
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vitellus, and situated at the base of the perisperm (fig. 480). — ^Aquatic 
plaaits, mth peltate or cordate fleshy leaves, and a rootstock or stem 

which extends itself into the mud at 
the bottom of the water. Lindley 
enximerates 5 gimora, comprehend- 
ing 50 species. Examples — ^Nym- 
phsea, Nuphar, Victoria, Euryale. 

751. The plants of this order arc 
found throughout the northern 
hemisphere, and fire generally rare 
in the southern hemisphere. Little 
is known in regard to their proper- 
ties. Some of them are astringent 
and bitter, while others arc said 
to be sedative. Tliey liave showy 
flowers, and their ptjtioles anti 
peduncles contain numerous air-tubes. Victoria regia^ is one of the 
largest known aquatics. It is found in the waters of South America, 
and is said to range over 35 degrees of longitude. Tlie flowem have 
I a fine odour. When expanded they arc a foot in diamet(^r. Thi^ 
leaves are from four to six and a half feet in diameter. The seeds and 
rootstocks of many plants of this order contain much stiircli, and art; 
used for food. 

752. Order 9. — lVci«inbiacefe, the Water-bean Family. {Pohjpet. 
Hypog,) Sepals 4-5. Petals numerous, in many rows. Stamens in- 
definite, in several rows; filaments petaloid; anthers adnate, introrsc;, 
opening by a double longitudinal cleft. Torus larg(^, fleshy, elevated, 
enclosing in hoUows of its surface numerous carpels. Nuts numerous, 
inserted, but loose, into the depressions of the torus. Seeds 1-2; 
perisperm none; embryo enclos^ in a vitellus, hirge, with 2 fleshy 
cotyledons. — ^Aquatic herbs, with showy flowc;rs, peltate floating leaves, 
and prostrate rootstocks, found in the temperate and tropical regions 
of the old and new world. Lindley enumerates 1 genus, including 3 
species. Example — ^Nelumbium. 

753. The flower of Nelumhium speciosum is supposed to be the Lotus 
figured on Eg 3 q)tim and Indian monuments, and the fruit is said to be 
the Pythagorean Bean. The plant Ls said to have disappeared from 
the Nile, where it used to abound. ** The petioles and peduncles contain 
numerous spiral vessels, which have been used for wicks of candles. 

754. Order 10. — Sarraceniuccse, the Sidesaddle-flower Family. 
{Polgpet. Hgpog.) Sepals 5, persistent, imbricated in sestivation, 
often with coherent bracts outside. PeMs 5, hypogynous, concave; 

' . 662.— Section of a flower of Nymphaea aJba, white Water-lily, showing the pistils and the 
^:3i!€$Q)tacle or torus bearing the stamens and petals, Peduncle or floM'cr-stalk. t, Klcvutcd torus 
V, M'leccptade, lladlating stigmas, a, Sepal. 6, Petal, r, Stamens. 
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occasionally, the corolla is absent, and the caljrx consists of 4-6 
segments. Stamens 00; anthers adnate, dithecal, introrse, mtli longi- 
tudinal dehiscence. Ovary free, tri-quinquelocular; style single; 
stigma persistent, either a truncated point, or 'large and peltate witii 
5 angle's; ovules anatropal. Capsule 3-5-celled, ^vitli lociilicidal 
(leliLsctjJice. Seeds very numerous, small, attached to large placentas 
which project from the axis into the cavity of the cells ; albumen 
(copious ; embryo cylindrical, lying at the base of the seed ; radicle 
]jointing to the hilum. — Herbaceous plants, found in boggy places, 
I laving radical leaves, the petioles of which are folded, and cohere so 
:is to form ascidia or hollow tubes (lig. 187). Scapes one or more 
ilowered. The plants are fomid in North America and Guiana. Tlieir 
properties are not known. Lindley enumerates 2 genera, including 7 
spcicies. Exampks — Sarracenia, Heliaiupliora. 

755. Order 11. — a.*ai»averac4«e, the Poppy Family. (Pob/pet. 
IJypo(p) St^pals 2, deciduous. Petals hypogynous, usually 4, cruciate, 
sometimes a multiple of 4, regular, rarely wanting. Stamens hypo- 
gjmous, usually 00, sometimes a multiple of 4 ; anthers dithecal, in- 
nate. Ovaiy solitary; style short or none; stignnis 2, or many and 
radiating (fig. 4Qil); ovules 00, anatropal (fig. 421). Fruit unilocu- 
lar, either siliquadbrm with two, or capsular witli several piuietal 
placentas. Seeds numerous; albumen between fleshy aiid oily; 
embryo minute, at the base of the albumen, with plano-convex coty- 
ledons. — n<*rbs or shrubs, usuidly with milky or coloured juice, 
having alternate cxstipulate leaves, and long one-flowcrtid peduncles. 
Thr^ y)la!its belonging to this order are chiefly European, The species, 
Ijowever, are found scattered over tropical America, Asia, China, New 
Holland, Cape of Good Hope, &c. Lindley mentions 18 known 
gencni, and 130 species. Examples — Papaver, Mecouopsis, Esch- 
scholtzia., Glaucium, Chelidonium. 

756, The order possesses well-marked narcotic properties. Opium 
is the concrete milky juice procured from the unripe capsules of 
Papamr somniftrum^ and its vmieties. The plant is a native of Western 
Asia, and probably also of the south of Europe; but it has been dis- 
tributed over various countries. There are five kinds of opium known, 
viz. Turkey, Egyptian, East Indian, European, and Persian ; of which 
th<‘ first is the kind chiefly used in Britain. The most important 
• ctive principle in opium is the alkaloid called morphia. There are 
other crystalline principles found in it, such as codeia and narcotine; 
and an acid called meconic acid, which constitutes with sulphuric acid 
the solvent of the active principles. According to various circum- 
stances, opium may act as a stimulant, a narcotic, anodyne, or diapho- 
r(*,tic. The seeds of the Opium Poppy yield a bland, wliolesome oil. 
Clislidonium vmjus^ Celandine, yields an orange-coloured juice, which 
is said to have acrid properties. In this pLont, observations Were made 



by Schnltis <m Oyclosis (If 261, and fig. 223). JSschscholtzia is remark- 
able for the dilated apex of the peduncle, fi:om which the calyx 
separates in the fonri of a calyptra, resembling an extinguisher of a 
candle. Sanguinaria canadmm^ Blood-root or Puccoon, has emetic 
and purgative properties. 

757. Order 12. — Famariaccfe, the Fumitory Family. (Polypet. 
Mypog^ Sepals 2, deciduous. Petals 4, cruciate; one or both of tlie 
two outer gibbous at the base, the two inner cohering at the apex. 
Stamens hypogynous, usually 6, diadelphous; anther of middle stamen 
of each parcel bilocular, outer ones unilocular. Ovtuy free, 1- celled; 
style filiform; stigma with 2 or more points; ovules amphitropal. 
Fiuit either an acha3nium, or a 2-val1^ed 2-seeded capsule, or a many- 
seeded siliqua. Seeds crested; albumen fleshy; embryo minute, 
excentric. — ^Herbaceous plants, with a watery juice, and alternate 
multifid leaves. Although at first sight very unlike the Poppy family, 
the Fumitories resemble this order in their deciduous sepals, in their 
seeds, and, in many cases, in their fruit. The two outer unilocular 
stamens of each parcel may be considered as forming one perfect 
stamen, thus making the whole number four. Tliey are found chiefiy 
in northern temperate latitudes. They are said ^o be bitter and 
diaphoretic in their properties. Lindley notices 15 genera, including 
110 species. Examples — ^Fumaria, Corydalis, Diclytra. 

758. Order 13. — Cruciferte, the Cruciferous or Cresswort Family. 
Brassicaceae of Lindley. (Polypet Hypctg.) Sepals 4, deciduous, the 
two lateral ones gibbous at the base. Petals 4, hypogynous, alternat- 
ing with the sepals, deciduous, cruciate (fig. 291). Stamens 6, tetra- 
dynamous (figs. 34.5, 565), two shorter solitary (fig. 565 c'), opposite 
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Figs. 6({3-~570.— Organs of fructification of Erysimum lanceolatnm, one of the Cruciferfle. 

Fig. fi63.->Diagram of tho flower, showing the arrangement of four sepals, four petals alter- 
nating with them, sill tetradyhamous stamens, and a siliqna with replum. 

Fig. 664.— Vertical section of the flower, r. Calyx, p. Petals, r, Stamens, o. Ovary laid 
open, s, Stigma. 

Fig. 665. — Flower depiived of its cnvelopca c c. Cicatrices left hy the fall of tho sepala 
{/, Glands which are situated at the base of the stamens. Two short stamens opposite lateral 
sejMila Four long ^stamons oppo^te anterior and posterior sepals, p, Pistil. 

Fig. 566.->HorizontaI section of the ovar^ g, Ovnlea c, Spuiions diss(q)iment or replum, 
which divides the ovary into two cavitlea Ihis replum is formed by the placentas. 
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the lateral sepals, occasionally toothed; four longer (fig. 565 e"), 
opposite the anterior and posterior sepals, generally free, sometimes 
partially imited and fiimished with a tooth on the inside; anthers 
bilocular, introrse (fig. 564). Torus with green glands between the 
petals and stamens and ovary (fig. 565 Ovary superior, with 
parietal placentas, which meet in tlie middle, forming a spurious 
dissepiment or replum (fig. 566 c); stigmas 2, opposite the placentas, 
or anterior and posterior (fig. 456 s). Fruit 
a siliqua- (figs. 567, 568), or a silicuk, rarely 

1 - celled and indehiscent, usually spuriously 

2- celled and dehiscing V»y two valves, which 
separate from the replum (figs. 456, 568), 
one or many-secided. Seeds campylotro- 
pous (figs. 419, 524), pendulous, attached in 
a single row by a funiculus to each side of 
the placentas (fig. 568); perispenii none; 
ombr}’^o wdth the radicle folded upon the 
cotyledons which are next the placenta (figs. 

524, 569 r). — Herbaceous plants, seldom 
imdcrshnibs, with alternate leaves, and yel- 
low or white, raredy purple, flowers, without 
bi’acts. I'his order is well distinguished by 
ha-ving tetradynamoiis st;imens. Most of the plants belonging to the 
order arc European. Tlie species, however, are found scattered all 
over the world. ].)c Candolle, in 1821, cjdculated that the species 
then known were distributed as follows: — 



In the frigid zone of the northern hemisphei'e, 
In all the tropics (chiefly mountainous parts),. 


In the temperate zone 


.{ 


of northern hemisphere, 
of southern hemisphere,. 
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Lindley enumerates 173 generii, including 1600 species. Exaynples — 
Hraba, Lepidium, Isatis, llrassica, Sinapis, Bunias, Senebiera, Schizo- 
petalon. 

759. Tlie order has been subdivided into sections, according to the 
mode in which the radicle of the embryo is folded on the cotyledons, 
as well as according to tlie nature of the finit. The suborders foimded 
on the embryo are — 1. Pleurorhizese side, and root), 0 = 

cotyledons accunibent, radicle lateAJ, i.e. applied to their edge (fig. 
517). 2. Notorhizeai (vurav, back), 0 || cotyledons incumbent, 

radicle dorsal, i.e. - applied to their back (fig. 518). 3. Orthoploceaj 


Fig. 5(>7.—Siliqiia or long po(L 

Fig. SUiqua with one of its valves removed, in order to show the seeds attached to the 
replum. 

Fig. r>6S).— V ertical section of the seed. /, Fnnlchlus or nmhilical cord. /; Spermoderm or 
testa swollen at the chulaza, c. r, lladicle. c, Cotyledona 

Mg. r>70.~Horizontal section of the seed. t. Spermoderm or testa, r, Bodicle. c, Incumbent 
cotyledons. 



m 


CRUCIFEM. 


straight, and v>\,6kqs, a plait or fold), 077 cotyledons condupK- 
cate (folded), radicle dorsal (figs. 613, 570). 4. Spirolobea?. a 

coil, and XojSof, a lobe), 0 (| || cotyledons twice folded, radicle dorsal 
(fig. 615). 5. Diplecolobeas twice, vTiUeu, I fold or plait, and 
XoiBoff a lobe), 0 || || || cotyledons three times folded, radicle dorsal. 

760. The divisions founded on the seed-vessel, are — 1. Siliquosa*, 
a siliqua, linear or linear-lanceolate, valves opening longitudinally. 2. 
Latiseptse (Z«<?/s, broad, and septum^ partition), a silicula, partition in 
its broadest diameter, oval or oblong, valves flat or convex, opening 
longitudinally. 3. Angustiseptse {angufitm^ narrow), a silicnla, parti- 
tion in its narrow diameter, linear or lanceolate, valves opening longi- 
tudinally, folded and keeled. 4. Nucumentacx'te. {micumeutum^ a nut), 
silicula, valves indistinct or indehiscent, ofti'n 1 -celled, from the 
absence of the replum or partition. 5. Septulata* {septa^ partitions), 
valves opening longitudinally, furnished with transverse partitions in 
their interior. 6. Lomcntaceae {lonientum, an articulate legume), sdi- 
qua or silicula, dividing transversely into single-seeded cells, the trui‘, 
siliqua being often barren and all the seeds placed in the beak. 

761. In this order there is a want of symmetry as regards the 
number of stamens, compared with the floral envelopes. The two long 
stamens placed close together may, however, bo looked upon sis one 
divided by a process of deduplication, so that the actual number will 
thus be reduced to four. This view is confirmed by the sliorter stamens 
having teeth on each side, while the longer ones jire tootlied on one 
side only. By pelorization, too, some Crucifera? become tetrandrous. 
While there is a splitting of the filaments, there is also the production 
of two additional jmther-lobcs. In regard to the fruit, it has h(*en 
stated, that normally there are four ctupidia or carpels, two of which 
jire constantly abortive. In some species of’ Iberis there liave been 
seen four sepals, four petals, four stamens, and four carpels. Thus the 
floral type of Cruciferas is quaternary: calyx having four sepals, corolla 
four petals, receptacle four staminiferous glands, andrcuciuni four 
stamens, gynoecium four phyUidia, finiit four carpidia. 

762. There are no truly poisonous plants in the oi-dor. In general, 
it possesses antiscorbutic and stimulant qualities, with a certain degree 
of acridity. Many of the most common culinary vegetables belong to 
the order, such as Cabbages, Cauliflower, I’frrnip, Radish, Cress, Horse- 
radish, &c. They contain much sulphur and nitrogen, and, on this 
jiocount, when decaying, give off a disagreeable odour. Many gardc^ii 
flowers, such as Wall-flower, Stock, Rocket, and Honesty, are found in 
tliis order. Brassica oleracea is the originfd. species whence all the 
varieties of Cabbage, Cauliflower, Brocoli and Savoys have been obtained 
by the art of the gardener. The part of the Cauliflower used as food 
&j|he deformed flower stalks. Brmska Bapa is the common Turnip, 
'^Wile Br<mica campestris is the source of the Swedish Turnip. Brassica 
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chinmsis yields ShanghaB oil. Lepidium sativum is the common Cress, 
and Raphanus sativus the Radish. Cramhe mmitivm is the Sea-kale. 
The seeds of Svrnpis nigra (Brassica nigra of some), furnish table 
mustard. These contain a bland fixed oil, a peculiar bitter prin- 
ciple, myronic acid, and another principle analogous to albumen or 
cmulsin, called myrosine. When water is added, the m 3 n:onic acid 
and m 3 n:osinc, by their combination, form a pungent volatile oil, 
containing sulphur and nitrogen, which gives to mustard its peculiar 
properties as a physiological agent. Shu/pis alba furnishes white 
mustard, which contfuns more fixed oil than black mustard. It does 
not, however, contain myronic acid, but an analogous principle called 
sinapin, or sinapisin, which, by combination with another principle, 
forms an acrid compound, but not a volatile oil. Tlie mustard of 
Scripture is not a species of Sinapis, but Salvadora persica^ according 
to Royle, belonging to the natural order Ckenopodiacew. Many other 
(’ruciferous plants yield volatile oils continuing sulphur, and the seeds 
of many yi(?l(l by ex];)ression a bland fixed oil, such as Rape-seed oil. 
Cochleana ojficinalk^ common Scurvy-grass, is used as a stimulant. 
CoMcana Annoracia^ or Armoracia rusticana^ the Horse-radish, has 
irritant and even vesicant qualities. Anastatica likroclmntina^ Rose 
ol* Jericho, is remarkable for the hygi’ometric property of the old 
withered annual stems, which are rolled up like a ball in dry weather, 
and drifted about by the winds in the deserts of S 3 rria and Egypt. If 
rain falls, they resume their originril direction. They thus continue 
for many years to curl up and expand, accoriling to the state of the 
atmosphere. The genus Schizopetalon is remarkable on account of its 
tetracotyledonous (having four cotyledons) embryo. Isatis tinctoria^ 
Woad, when treated like Indigo, jields a blue dye. Isatis mdigoUca 
is the Tein-Chirig, or Chinese Indigo. 

763. Order 14. — Capparhiacen, the Caper Family. (Poh/pet. Hypog.) 
Sepals 4, often more or less cohering (fig. 554 c). Petids 4, some- 
times 0, cruciate (fig. 554 usually unguiculate and unequal. Sta- 
mens hypogynous, 4, 6 (fig. 554 e), or 00, but in general some high 
multiple of four, placed on im elongated hemispherical and ofti^ 
glandular torus (fig. 554 a g'). Ovary usually stalked (fig. 554 o); 
style filiform, sometimes 0; ovules curved. Fruit unilociilar, sfiiquse- 
ibrm and dehiscent, or fleshy and indehiscent, rarely monospermous, 
usiT.ily with two polyspermous placdhtas. Seeds generally reniform 
and exalbuininous; embryo curved; cotyledons foSaceous, flattish. — 
Herbs, shrubs, sometimes trees, with alternate, stalked, undivided, or 
pahnate leaves, which are either exstipulate or have spines at their 
base. They are found chiefly in warm countries, and are abundant in 
Afidca. 'Hiere are 28 genera, and 340 species. The order is divided 
into two suborders: — 1, Cleomero, with capsular fruit. 2. Capparese, 
with baccate finiit. Examples — Cleome, Capparis. 
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764. The plants of this order have stimulant qu^ties. The flower- 
buds of Capparis spinosa itimish capers. The plant is a native of 
the south of Europe, and, according to Royle, is the Hyssop (niw) of 
Scripture. Some species of Ckorm and Polanwki are very pungent, 
and are used as substitutes for mustard. The pungency of some is so 
great that they act as blisters. The root of Ckome dodecandra is used 
as an anthelmintic. 

765. Order 15. — Reaedacete, the lilignonettc Family. (PolypeUHypog,) 
Calyx many-parted. Petals 4-6, unequal, entire, or lacerated, in 
latter case consistingof a broad sc^c-Kke clawwith a much-divided limb. 
Stamens 10-24, hypog 3 nious, attached to a glandular torus; filaments 
variously united; anthers bilocular, innate, with longitudinal dehis- 
cence. Ova^ sessile, 3-lobed, 1 -celled, midtiovular, with 3-6 parietal 
placentas; stigmas 3. Fruit either a unilocular many-seeded capsule, 
f)pening at the apex so as to render the seeds semitmde (fig. 479), or 
3-6 few-seeded follicles. Seeds reniform, usually cxalbuminous; em- 
bryo curved; radicle superior; cotyledons flt^shy. — Herbaceous plants, 
rarely shrubs, with alternate, entire, or divided leaves, having gland- 
like stipules. 'Ihey inhabit chiefly Europe and the adjoining parts of 
Asia. A few are found in the north of India and south of Africa. 
The uses of the order are unimportant. Reseda Lnteola^ Weld, yields 
a yellow dye. Reseda odoraia is the fragrant Mignonette. The Mig- 
nonette is rendered suffiuticose, by preventing the development of its 
blossoms. This is the origin of the tree Mignonette, which is much 
cultivated in France. There are 6 known genera, and 41 species, 
according to Lindley. Example — ^Reseda. 

766. Order 16. — Flacoartiaccre, the Amotto Family. (PolypetHypog.) 
Sepals 4-7, slightly cohering. Petals equal to and alternating with 
the sepals, or wanting^ Stamens hypogynous, equal in number to the 
petals, or some multiple of them. Ovary roundish, sessde, or slightly 
stalked; style either none or filiform; stigmas several, more or less 
distinct; ovrdes attached to parietal placentas, which sometimes branch 
all over the inner surface of the valves. Fruit 1-ceIled, containing a 
thin pulp, either fleshy and indehiscent, or capsular with 4 or 5 valves. 
Seeds numerous, enveloped in a covering formed by the withered 
pulp; albumen fleshy, somewhat oily; embryo axile, straight; radicle 
turned towards the hilum; cotyledons flat, foliaceous. — Shrubs or small 
trees, with alternate, simple, usually exstipulate leaves, which are 
often dotted. The plants are chiefly natives of the warmest parts 
of the East and West Indies, and of Afnca. The order is divided 
into two sections!-—!. FlacourtiesB, having the placentas ramifying 
over the inner surface of the fruit. 2. Bixeae, placentas narrow, and 
running in lines along the parietes. Many of the plants yield edible 
fruits. The pulp is o^n sweet and wholesome. Some are astringent, 
others purgative. The reddish pulp surrounding the seeds of Bixa 
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orellcma supplies the substance called arnotto, which is used for yield- 
ing a red colour, and for staining cheese. There are 81 genera, and 
85 species, according to Lindley. Examples — ^Patrisia, Flacourtia, 
Prockia, Erythrospermum, Bixa. 

767. Order 17. — Ciiiiaccfe, theRock-Eose Family. {Polypet Hypog,) 
Sepals usually 5, persistent, unequal, the tliree inner with contorted 
sestivation. Petals 5, caducous, hypogynous, sestivation corrugated, and 
twisted in an opposite direction to that of the sepals. Stamens usually 
00, free, hypogynous ; anthers 2-celled, adnate. Ovary syncarpous, 
1- or maiiy-celled ; style single ; stigma simple. Fruit capsular, 8-5- 
10-valved, either 1-c^ed or imperfectly 5-10-cclled, with locuHcidal 
dehiscence. Seeds usually indefinite ; embryo inverted, either spiral 
or ciu’ved, in the midst of mealy albumen; radicle remote from the hilum. 
— Shrubs <)i‘ herbaceous plants with entne, opposite or alternate, stipu- 
late or exstipulate leaves. They inhabit chielly the southern regions 
of Europe, and the north of Africa. Some of the species are remark- 
able for- the irritability of their stamens (f 665). Many of them 
yield a resinous balsamic jtiice, which imparts viscidity to the branches. 
The resinous matter called ladanum or labchuium, is yielded by Cistus 
ci’eticus. Tliere are 7 known genem, and 1 85 sj)ecies, according to 
jJndley. Examples — Cistus, Helianthemum, Lechea. 

768. Order 18. Vioiacete, The Yiolet Family. {Polypet. Hypog.^ 
Sepals 5, persistent, usually elongated at the base, a‘,stivation imbri- 
(iated. Petals 5, hypogynous, equal or uneqmd, geiierjilly withering, 
ajstivatiem (:»bli(|uely convolute. Stamens 5, alternate with the pefcils, 
sometimes opposite to them, inserted on a hypogynous torus ; juithers 
dith(ical, iiitrorso, often coheiiiig, with a prolonged connective some- 
times spurred (fig. 348); filaments dilated, two of them in the irregular 
floAvers ha^drig an api)en(lage at their base. Ovary unilocular, with 
many (rarely one) anatropal ovules ; style shiglo, usually declinate, with 
an oblique hooded stigma (fig. 390, 1 s). Fruit a 3-valved capside, 
dehiscence loculicidal, placentiis on the middle of the valves (fig. 390.) 
Seeds 00 or definite ; embryo straight, erect, in the axis of a fleshy 
perisperm. — ^Herbs or shrubs, with alternate, rarely opposite, leavtis, 
having persistent sti])ulcs, and an involute vernation. They are 
natives of Europe, Asia, and America. The herbaceous species 
inhabit chielly the temperate parts of the northern hemisphere, 
whil(, the shrubby species are found in South Amcric^a and India. 
They have been divided into two suborders: — 1, Violeoe, with irregular 
flowers. 2. Alsodciejc, with regular flowers. There are 14 know n 
genera, and 315 species. Examples — ^Viola, lonidium, Alsodeia. 

769. Tliey are distinguished by the emetic properties of their roots, 
which contain an active principle called violine, shrdlar in its qualities 
to emetin. The roots of Vioki odorata have been used medicinally as 
emetics. Some species of lonidium are used in South America as substi- 
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tiites for Ipecacuanha. The petals of the Sweet or March Violet, the 
of the Greeks, are laxative, and are used in the form of infusion mixed 
with sugar ; and a violet or purple coluriiig matter is procured from 
them, which is employed as a test for acids and alkalies, being changed 
into red by the former, and into green by the latter. Viola tricolor, 
Heart’s-ease, and other species, have been used as demulcent expecto- 
rants. F. tricolor is the origin of all the cultivated varieties of pansy. 

770. Order 19. — ^i>ro«eracccc, the Sundew Family. {Poh/pet. Hypog,) 
Sepals 5, persistent, equal; aestivation imbricated. Petals T), h 3 q)o- 
gynous. Stamens free, withering, alternate with the petals, or 10 or 
more; anthers bilocular, with longitudinal dehiscence. Ovary single; 
styles usually 3-5, sometimes 1 or wanting. Fruit a unilocular or 
spuriously trilocular capsule, 3- 5-valvcd, with loculicidal dehiscence, 
occasionally indehiscent. Seeds numerous, either albmninous or ex- 
albuminous; embryo minute and erecrt. — Herbaceous plants with 
alternate leaves, usually inhabiting marshy places. They are found in 
various parts of the world, in Europe, North and South America, 
China, East Indies, &c. The order has been divided into two sections; 
— 1. Drosereas, styles 3-5, albumen present, leaves with a circiuate 
vernation, and furnished with glanduLu hairs ; stipules in tlie form of 
fringes. 2. Parnassiea^, some of the stamens sterile ; style 1 or none ; 
no albumen nor glandular hairs. There are 8 known genera, and 
upwards of 00 species. Exampha — ^Drosera, Aldrovanda, Diontca, 
Parn.'issia. 

771. The Droscras have a more or less acid taste, combined with 
slight acridity. 8ome of them are said to be poisonous to cattle. 
Their leaves arc furnished with glandnlju* capitate hairs, wlxich tire, 
covered "with drojxs of Iluid in sunshine ; hence the name Sundew or Roa 
soils. An Italian liqueur, called llossoli derives its name fi om a Drosera 
used in its manufacture. Some of the Droseras have dyeing properties. 
JJimum mmcipuld, Venus’s lly-trap, is a North American plant, having 
the Laminae of the leaves in two halves, each furnished \vith three 
irritable hairs, wliich, on being touched, ciiuse the folding of the divi- 
sions in an upward direction (figs. 186, 664). Aldrovanda vesiculosa, 
an aquatic found ui the south of Europe, is distinguished by its 
whorled, cellular leaves, or floating bladders. PuT^nassia 

Grass of Parnassus, has remiurkable gland-like bodies between the 
stamens (fig. 304). These ara probably an abortive state of the 
staminal organs. Lindley looks upon them as bundles of stamens, and 
places the genus among Hypericjiceaj. The stamens of Parnassia are 
irritable, and move towards the pistil in succession 665). 

772. Order 20. — Polmalacete, the Milkwort Family. [Polypet 
Hypog.) Sepals 5, very irreguhu*, distinct; 3 cxteiior, of which 1 
is superior, and 2 inferior ; 2 interior, usually petaloid, lateral ; ajsti- 
vation imbricated. Petals hypogynous, unequal, usually 3, of which 
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1 is anterior, and larger than the rest, and 2 are alternate with the 
upper and lateral sepals ; sometimes there are 5 petals, 2 of them very 
minute ; the anterior petal, called the keel, is often crested. Stamens 
hypogynous, 8, monadclphous or diadelphous ; anthers clavate, usually 
J -celled, and having porous dehiscence. Ovary mostly bilocular; 
ovules solitary, rarely 2 ; style simple, curved ; stigma simple. Fruit 
dehiscing in a loculicidal manner, or indehiscent. Seeds pendu- 
lous, anatropal, stroidiiolatc at tlie liilum; albumen fleshy; embryo 
straight. — Slfrubs or herbs with alternate or opposite cxstipulate leaves. 
They are found in all quarters of the globe. Lindley mentions IJi 
gencira, including 495 species. Exanqjles — ^Polygala, Securidaca, 
Krameriii. 

773. In the appearance of their flowers, the plants of this order 
have a resemblance to Papilionacea*. Tliey are distinguished, however, 
by the odd petal being inferior, and the sepal superior. They are 
generally bit t(*r, and their roots yield a milky juice. Polygala Senega^ 
Snako.-root, is a North Americiin spcicies, the root of which is use*! 
medicinally in hii'gc doses as emetic and cathartic ; and in small doses 
as a stimulant, sudorific, expectorant, and shilagoguc. It contains an 
acrid principle, called polygaliii, senegin, and polygalic acid. ITic 
name ol' Sna.ke-root was given from its supposed use as an antidote to 
the bite of the rattle-snake. Krarmria trmidrn^ a Peruvian plant, 
fimiishes Khatany-root, wliich is employed as a powerful and pure 
astringent in cases of ImiiiioiThagi.^, and chronic mucous discharges. 

774. Order 21. — '£'rriiiaii<iracc!fc, the Porowort Family. {Polypet. 
IJypog.) Sepals 4-5, slightly coherent, deciduous with a valvate sesti- 
vatiun. Petals 4-5, deciduous, with an involute [estivation. Stamens 

distinct, 8-10, 2 liefore each petal; anther di- or tetra- 
tiiecal, with porous dehiscence (fig. 324). Ovary bilocular, with 1-3 pon- 
dulcnis ovules in each cell ; style 1 ; stigmas 1-2. Fruit a 2-ceIled, 
2-valvi!d capsules, with locidicidal dehiscence. Seeds anati’opal, pendu- 
lous, with a. caruncula at th(^ apex ; embryo cylindiical, straight, in the 
axis of fleshy albumen. — Hcath-hkc shrubs, with hiiirs usually glan- 
dular, alternate or verticillate exstipulate leaves, and solitary axillary 
I -flowered pedicels. They are natives of New Holland. Nothing is 
known regarding their propeities. Lindley mentions 3 genera, in- 
cludir,g IG species. Examples — Tetratheca, IVemandra. 

775. Order 22. — Tniimricacrfe,theTamariskFarnily. {Polypet Hypog.) 
Calyx 4-5 pjirtite, persistent, tvith imbricated asstivation. Petals 4-5, 
hypogynous, or perhaps inserted at the base of the calyx, marcescent, 
with imbricated aestivation. Stamens hypogynous, free or monadel- 
phous (fig. 311), equal to the petals in number, or twice as many; 
jinthei*s dithocal, introrse, with longitudinal dehiscence. Ovaiy uni- 
lo(5ular ; styles, 3. Fruit a 3-valved, 1 -celled capsule, with locidicidal 
dehiscence. Seeds numerous, anatropal, erect or ascending, comose ; 
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albumea 0; embiyo straigbt, with the radicle next the hilum. — Shrubs 
or heirbs, with alternate scale-like leaves, and racemose or spiked 
flowers. They abound in the Mediterranean region, and are confined 
chiefly to the eastern half of the northern hemisphere. Many are 
found in the vicinity of the sea. They have a bitter astringent bark, 
and some of them yield a quantity of sulphate of soda when burned. 
The saccharine substance called Mount Sinai Manna, is yielded by 
Tamarix mmnifera, Lindley mentions 3 genera, comprising 43 known 
species. JEhnmples — ^Tamarix, Myricaria. 

776. Order 23.-^Frankeniace(e, the Frankenia Family. {Polypet. 
Hypog.) Sepals 4-5, cohering into a tube, persistent. Petals 4-5, 
alternate with the sepals, h 3 q)ogynous. Stamens liypogynous, equal in 
number to the petals, and alternate with them, sometimes more numer- 
ous ; antliers bilocular, with longitudinaJ dehiscence. Ovary unilocu- 
lar, with parietal placentas; style filiform, often trifid. Fruit a 
1 -celled, usually 3-valved capsule, with septicidal dehiscence. Seeds 
very minute, numerous, anatropjd ; embryo straight, in the axis of fleshy 
albumen. — Herbs or undershrubs, with opposite exstipulate leaves. 
They are found chiefly in the southern parts of Europe, and in the 
north of Afiica. They are said to have mucilaginous and slightly 
aromatic properties. Genera, 4 ; species, 24. Example — ^Frankenia. 

777. Order 24. — FlaUnaceie, the Water-pepper Family. (Polypet. 
Hypog.) Sepals 3-5, free, or slightly coherent at the base. Petals 
alternate with the sepals, hypogjmous. Stamens liypogynous, equal 
to, or twice Jis many as, the petals.. Ovaiy tri-quinquelocular ; styles 
3-5 ; stigmfis, capitate. Fruit capsular, 3-5-celled, 3-5-valved, loculi- 
cidal; placenta central. Seeds 00, ex^buminous, anatropal; embryo 
cylindrical and slightly curved. — ^Annual mansh pLints, witli hollow 
creeping stems, and opposite stipulate leaves. They are found in all 
parts of the globe. Some of them have acridity, and hence the name 
Water-popper. Genera. 6, and species 22, according to Liiidlc}'. 
Examples — ^Elatine, Bergia. 

778. Order 25. — Caryophyiiaccfe, the Cliickweed Family. (Polypet. 
Hypog.) Sepals 4-5 (fig. 571), free (fig. 269), or united in a tube 
(figs. 290 c, 553 c), persistent. Petals 4-5 (fig. 571), hypogjmous, 
unguiculate (fig. 281), often bifid or bipartite (fig. 283), occasionally 
0. Stamens (fig. 572 e) usually double the number of the petals, or, 
if equal, usu^y alternate with cthem; filaments subulate, sometimes 
minted; anthers innate, bilocular, dehiscence dongitudinal. Ovary 
single, often stalked or supported on a gynophore (fig. 553 g)^ composed 
of 2 to 5 carpels, which are usually united by their edges, but some- 
.gfirnes the edges are turned inwards, so as to form partial dissepiments; 
^^gma$ 2-5 (fig. 391 s), with papilhe on their inner surface (fig. 572 s). 
Capsule mpipeuiar (figs. 391, 574, 2), or imperfectly bi-quinquelocular 
(fig. ,57S), 2-5 valved, opening either by valves, or more commonly 
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by twice as many teeth as stigmas (figs. 444, 574) ; placenta in the 
axis of the fruit (figs. 391, 574, 2, p). Seeds usually 00, amphitropal 



M'ith mealy albumen, and a poripherical embryo (fig. 575). — ^Herbs, 
sometimes sufiruticose plants, with opposite, entire, exstipulate, some- 
times connate leaves, and usually cyniose inflorescence (figs. 249, 250.) 
They inhabit chiefly temperate and cold regions. The order has been 
divided into three suborders: 1. Alsineaj, sepals distinct (fig. 269), 
and opposite the stamens, when the flowers arc isostemonous. 2. 
SileneoB, sepals cohering in a tube (fig. 290 c), opposite the stamens, 
when the flowers arc isostemonous. 3. MoUugineas, sepals distinct or 
nearly so, alternate witli the stamens, when isostemonous. lindley 
mentions 53 genera, and 1055 species. Examples — ^Alsine, Cerastium, 
Dianthus, Silene, Mollugo. 


FigR. 671-.'i7fi.-~n]ii8trations of the natural order Ciiry()phyllaceiE. 

Hr. 571.— •Diagram of the flower of Alsinc media, common Ghickweed, helonging to the 
natural order Ctuyophyllttceie, suborder Alsincse. Tlie flower consists of b imbricate sepals, 5 
alteniMtc petals, 5 stamens, a unilocular ovarv, with g ft’cc central placenta, and numerous ovuloa 

Hg. 572..-^ Section of the flower of Diuntlius Caryophyllus, Carnation, c, Calyx; petals, 
cohere ng with the stamens at the base; c, stamens; ^ynoplioin or thecaphorc, i.e. tbe stalk 
supporting the ovaiy. o, ovary with central placenta and ovules; two stigmas, which are 
papillose all along their inner surl'ace. 

Fig. 573. — Horizontal section of the ovary iu a very young state, diowing the partitions, c c, 
which divide the ovary into two cavities. These didsions ultimately disappear, leaving the 
placenta, p, bearing the ovules ft-ee in the centre. 

Fig. 574. — Ctipsidc of Lychnis Githago at the period of dehiscence, when the pericarp separates 
into five valves at the summit. 1. The capsule entire. 2. Capsule cut veiticially, to show the 
seeds, g, grouped in a nitiss, on a free central placenta, p. 

Fig. 575.— Seeds, i. Entire seed. 2. Seed cut vertically, e, Spermoderm. c, Petipherical 
embryo, surrounding the mealy perispenn, p, 

2 B 
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779. The plants of t^is order are usually insipid, but, according to 
Malapert and Bonnet, some are poisonous, llie poisonous quality 
is attnbuted by them to the principle called Saponine, which exists in 
many of the species of Sapmaria^ Silme^ Lychnis^ and DimiJms. 
To Saponine, also, is due the saponaceous or soap- like properties of the 
plants. Ar4mma pqtlotdes hjis been used as a pickle. In Iceland it 
serves as an article of food. The greater part of the plants of the 
order are weeds, but some are showy garden flowers. To the latter 
may be referred aU the varieties of Diantlius Caryophyllm^ Clove- 
pink or Carnation, Picotees, Bizarres, and Flakes, numerous species of 
Pink, Campion, &c. The varieties of Carnation dex)end on the mode 
in which the coloured stripes or dots are arranged on the pebds, and 
the entire or serrated appearance of their edges. The formation of the 
placenta in the Caryophyllacege has given rise to much discussion, 
some looking upon it as a marginal, others as an axile formation 
(f 448). 

780. Order 26. — ^Tiirianiaceic, the Vi viania Family. {Polypet. Ilypog.) 
Sepals 5, united. Petals 5, h 3 q)ogynous, unguiculate, persistent, with 
twisted fisstivation. Stamens 1 0, h 3 rpogynous ; filaments free ; anthers 
bilocular, opening longitudinally. Ovary free, 3-celled; stigmas 8. 
Capsule 3“Celled, 3-valved, loculicidal ; seeds, 2 in eacli cell, with a 
curved embryo lying among fleshy albumen. — Herbaceous or suffruti- 
cose plants, with opposite or verticillate exstipulate leaves. Natives 
of South America, having no properties of importance. Genera, 4 ; 
species, 15. Examples — ^Viviania, Csesarea. 

781. Order 27. — taniTaccHs, the Mallow Family. (Polypet, Uypoy.) 
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Sepals 5 (fig. 577), rarely 3 or 4, more or less cohering at the base 
(fig. 274 c), with a valvatc sestivation (fig. 263), often bearing an external 

Figs. 576-584.-<Organ8 of fructification of Malva sylvcstriB, to illustrate tlie natural order 
Malvdoese. 

Fig& jB76.— Flower viewed from above, with its five petals, monadelphous stamens, peduiide or 
flower-stalk, and two atipnlea a 

Fig. 577.^Diagrani of the flower, showing the difTerent whorls or verticils; 6 valvate or indu- 
plicate 5 twisted, petals, indefinite monadelphous stamens, and united caipels. 
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calyx {qikabjx) or involucre (fig. 274 h). Petals equal in number to' 
the sepals ; sestivation twisted (fig. 264). Stamens 00 (fig. 578 o), 
h 3 rpogynous, all perfect; filaments raonadelphous (fig. 578 <) or 
polyadelphous (fig. 551); anthers monothccal (fig. 328), reniform 
(fig. 579), with transverse dehiscence. Ovary formed by the union 
of several carpels round a common axis (figs. 452, 580), either distinct 
or cohering; styles as many as the carpels (fig. 578 s), united or free. 
.Fruit capsular or baccate ; carpels one or many-seeded, sometimes 
closely united, at other times separate or separable (figs. 383, 580) ; 
dehiscence loculicidal (fig. 449) or seiiticidal. Seeds amphitropal or 
semi-anatropal ; albumen 0, or in very small quantity ; embryo curved 
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Uig. 583); cotyledons twisted or doubled (fig. 584). — Herbaceous 
plants, tiees or shrubs, with alternate stipulate leaves (fig. 576 s), 
more or less divided, and often with stellate hairs (fig. 82). They are 
ibuncl cliieily in tropicd countries, and in the warm parts of the tem- 
])erate zone. Liiidiey enumerates 37 genera, including 1000 species. 
The order liiis been divided into three tribes : — 1. Malvejn, an in- 
volucre present; fruit apocai'pous or separalde. 2. Hibisceac, an 
involucre; fruit syncarpous. 3. Sidea?, no involucre; fruit ffither apo- 
ciirj>ous or syncarpous. Examples — ^l.,avatera, Malva, Hibiscus, Sida. 

782. Tlie pLmts of the order ju'e all wholesome, and yield mucilage 
in large qmmtity. Some funiish materials for cordage, others supply 
cotton. Malva s^flvestris^ Common Mallow, and AWwea qpmnalis, Marsh 
Mallow, are employed medicinally, as demulcents and emollients. 

! V. .>78.— Vertical section of the flowei’. i, Caliculus, epicalyx, or involucre; calyx ;p, petals; 
t, tul>e of monadclphoiis staincns, forming an arch above the ovai'y, o, and united at the bast^ 
to the petals; ct, anthers at the summit of tlic fUanieiits, free; s, styles free at tlte summit united 
belt)y?. 

Fig. fi79.— A reiiitbnn mouothocal anther, dehiseJng transversely, separated the upper 
pjirt of the filament 

Fig. .'>80.— Fruit, surrounded by the persistent calyx, c, consisting of wliorlcd carpels united 
together by the axis, «. 

Kg. f)8I.— A sepjirate carpel viewed laterally. 

Kg. r)82.— Exolbmninous amphitropal seed. 

Fig. Curved embryo. 

Fig. fi84.— Section of the embryo, to sliow the doubled cotyledons. 
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The latter is the Guimauve of the French. The flowers of A Ithcea rosea ^ 
the Hollyhock, are used for similar purposes ; th(i plant also yields fibres 
and a blue dye. The flowers of Ahutilon esculmtim^ and the fruit of 
Ahelmoschus esctilmtus, called Ochro, are used as articles of food. Hibis- 
cus cannahinus is the source 'whence sun-hemp is procured in India. 
Other species of Hibiscus also yield useful fibres. The bark of Paritium 
iUiacemn furnishes valuable materials for cordage. Cotton is com- 
posed of the hairs surrounding the seeds of various species of Gossy- 
pium. These hairs, when diy, exlubit under the microscope a 
peculiar twisted appearance. Goss^num barhademe seems to be the 
species which yields the best cotton; the Sea-Island, New Orleans, and 
Georgian cotton being produced by varieties of it. Gassy pium peru- 
vianum or ncimitiatinii, furnishes the Srmth American cotton ; Gossy- 
pium herbojceim.^ the common cotton of India. G. arbammi is the 
Indian- tree cotton. The Cliincse Nankin cotton is furnished by a 
variety of G. herhaceum. The qujility of cotton-wool desponds on 
the length, streiigtli, and firmness of the tissuci, or, as it is called, the 
staple. These essential attrilnxtes are modified by the cleanliness and 
the colour. Long-stapled cottons are generally used for the twist or 
warp, and short-stapled for the well. The value ol’ cotton varies 
not only according to tlie sp(*cies, but also according to the nature of 
the climate in which it grows. The total import of Cotton into Britain 
in 1845, was upwards of 716 millions of pounds; while in 1846 and 
1847, it amounted only to about 480 millions. The seeds of the 
cotton-plants yield oil which has been used for lamps. 

783. Order 28. — stercoUaceie, the Sterculiaand Silk-cotton Family. 
{Polypet Hypog.) Calyx of «5, more or less united, sepals, often sur- 
rounded by an involucre ; aestivation usually valvate. Petals 5 or 
none, hypogynous, asstivation twisted. Stamens usually oo ; their 
filaments variously united; anthers 2-cclled, extrorse. Pistil of 5 
(rarely 3) carpels, cither distinct or cohering ; styles equal in numbiii* 
to the carpels, free or cohering; ovules orthotropal (fig. 523 ( or aua- 
tropal. Fruit capsidar, usiuilly with 5 cells, or follicular or suc- 
culent. Seeds often with a woolly covering ; with a fleshy or oily 
perispenn (rarely 0), and either a straight or a curved embiyo ; cotyle- 
dons leafy or thick, plaited or rolled round the plumule. — ^Trees or 
shrubs, with alternate leaves, which are either simple or compound, 
deciduous stipules, and often a dilate pubescence. They ju’e distin- 
gtiished from Malvaceaj by their dithecal extrorse anthers. They 
inhabit warm climates. Ihc order hjis been divided into the follow- 
ing sections: — 1. Bombacea3, with hermaplirodite flowers, and pal- 
mate or digitate leaves. 2. Helictereae, with hermaphrodite flowers 
and simple leaves: 3. Sterculiese, with unisexual flowers, and either 
^jnple or palmate leaves. Bindley mentions 34 genera, including 
125 species. Eocamples — ^Bombax, Helicteres, Srfrculia. 
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784. Tlie plants are mucilaginous and demulcent; many are used 
for food, others supply a materiiil like cotton. The silky hairs sur- 
rounding the seeds of Bomhax Geiha^ the Silk-cotton tree, are used for 
stuffing cushions and chairs, and for various other domestic purposes. 
The trunk of the tree is made into canoes. Adansonia digitata^ the Bao- 
bab tree of Senegal, or monkey-bread, is one of the largest known 
trees. Its trunk sometimes attains a diameter of thirty feet, while its 
height is by no means in proportion. Tlie pulp of its fruit (amphisarca) 
is used as an article of food. Durlo zibcthinm furnishes the fruit called 
Durian in the Indian Archipelago. ITie fruit is much prized, although 
it luis a fetid odour, which has given rise to the name Civet Durian. 
Cheirostemon ]}l(itanokles is called Ae hand- plant of Mexico, on account, 
of its five pecTiliarly curved anthers, which resemble a claw. Ilelm- 
/ms (from helix, a snail) is so named on account of its twisted fruit. 
11)0 Kolfi, mentioned by Africjin travellers as being used to sweeten 
water, is the seed of a species of Stercfdur. 

785. Order 29. — Bytfaeriar.ef«, the Byttiicria and Chocolate Family. 
{Polg^iet. Ilypog,) Calyx 4-5 lobed, valvate in aestivation (fig. 261 c). 
PebilvS 4-5 or 0, often elongated at the apex, with a twisted or iuduplicate 
jcstivation (fig. 2G1 p). Stamens li 3 rpogynous, either equal in number 
to the petals, or some multiple of them, more or less monadelphous, 
some of them sterile; anthers bilocular, intro rse. Ovary free, composed 
usually of 4-10 carpels arranged round a central column ; styles terminal, 
jis many as the carpels, free or united; ovules 2 in each loculament. 
Fruit capsular, either with loculicidal dehiscence, or tlie carpels separat- 
ing from t^ach either. Seeds anatropal, often winged; embryo straight 
or curved, lying usually in flesliy albumen; cotyledons either plaited 
or rolled uj) sjiirally. — ^Trees, shrubs or undershrubs, with dternate 
lcave.s, having either deciduous stipules or 0, and stellate or forked 
hairs. They abound in tropical climates. Lindley enumerates 45 
genera, embracing 400 species. The order has been divided into six 
suborders, founded on the following genera: Examples — Lasiopetalum, 
Byttneria, Hcrmannia, Dombeya, Eriolaeua, and Philippodendron. 

786. The plants abound in mucilage, and many yield cordage. 
Tlie seeds of Theohronia Cacao are called Cacao-beans, and are the 
cliief ingredient in chocolate, which coiiUiins also sugar, arnotto, vaniUa, 
and cinnamon. The seeds by pressure yield a fatty oil, called Butter 
of Cacao. They contain a crystalline principle analogous to caffeine, 
c: tiled Theobromine. The Cocoa of the shops consists generally oi‘ 
the roasted beans, and sometimes of tlie roasted integuments of the 
beans, ground to powder. 

787. Order 30. — ^Tiiiacrce. the Lime-tree Family. (Folypet Ilypog.) 
Sepals 4-5, with a valvate ajstivation. Petals 4-5, entire, rarely want- 
ing. Stamens hjqiogynous, free, or united by the enlarged border of the 
stalk of the pistd (fig, 316, 1, 2), usually oo ; anthers 2-ceIled, dehiscing 
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longitudinally or by pores, occasionally some abortive (fig. 316, 2). 
Disk often l^ge and glandular. Ovary solitary, formed by the union 
of 2-10 carpels; style 1; stigmas as many as the carpels. Fruit dry 
or pulpy, either nmltilocular with numerous seeds, or by abortion uni- 
locular and 1 -seeded. Seeds anatropal; embryo erect in the axis of 
fleshy albumen, with flat, leafy cotyledons (fig. 510).— Trees or shrubs, 
rarely herbaceous plants, with alternate stipulate leaves (fig. 195). 
They are found chiefly in tropical regions, only a small number in- 
habiting northern countries. The- order has been divided into two 
sections: — 1. TiliesB, with entire petals or 0, and anthers dehiscing 
longitudinally. 2. ElsBocaipea^, with lacerated petals, and. anthers 
opening at the apex. Lindley enumerates 35 genera, including 350 
species. Examples — TUia, Corchorus, Grewia, Aristotelia, Elajocarpus. 

788. The plants possess mucilaginous properties, and many of them 
fttmish excellent materials for cordage. The fruit of some is edible. 
From the gummy matter they contain, some have been employed as 
demulcents. The inner bark, the bast or bass, of the Linden or Lime- 
tree {Tilkt Europoea\ is tough and fibrous, and from it are manufactured 
Bussian mats. An infusion of the flowers is used on the continent as 
an antispasmodic and expectorant. A species of Corchorm is used in 
India for the manufacture of bags and a coarse kind of linen. Tlie 
leaves of Corchorus oUtorms^ Jews’-mallow, arc used in many coun- 
tries as a culinary vegetable. 

789. Order 31. — ^Dipterocarpacete* the Sumatra-Camphor Family. 
(Polypet, Hypog,) Calyx tubular, 5-lobed, unequal, naked, persistent, 
and afterwards enlarged, with an imbricated aestivation. Petals hypo- 
gynous, sessile, often combined at the base, with a twisted aestivation. 
Stamens indefinite, hypogynous; filaments dilated at the base, either 
distinct or irregularly cohering; anthers innate, bilocular, subxdate, 
opening by terminal fissures. Torus not enlarged in a disk-hke man- 
ner. Ovary superior, 3-celled; ovules in pairs, pendulous; style and 
stigma simple. Fruit coriaceous, unilocular by abortion, 3-valved or 
indehiscent, surrounded by the calyx, which is prolonged in the form of 
long wing-like lobes. Seed solitary, exalbuminous; cotyledons often 
twisted and crumpled; radicle superior. — ^Trees with alternate leaves, 
havmg an involute vernation, and deciduous convolute stipules. Tliey 
are found m India. There are about 8 known genera, including 48 
species. Examples — ^Dipterocarptls, Vateria, Dryobalanops. 

790. The trees belonging to this order are handsome and ornamen- 
tal, and they aboimd in resinous juice. A kind of camphor is procured 
in Sumatra fi’om Dmjohcdmwps CampJwra or aromatica. It is secreted 
in crystalline masses naturally into cavities in the wood. It supplies 
this camphor only after attaining a considerable age. In its young 
state it yields on incision a pale yellow liquid, called the liquid cam- 
phor of Borneo and Sumatra, which consists of resin and a volatile oil 
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having a camphoraceous odour. Indian copal, or Gnm animi of com- 
merce, is the inspissated varnish got from Vateria Indka. The finiit 
of this tree yields to boiling water the celebrated Butter of Ganara, or 
Pinei tallow. Various species of Dipterocarpus yield a substance like 
Balsam of Copaiva. 

791. Order 32. — Chk«nacefe, the Chlffinad Family. {Polypet Hypog.) 
Involucre 1-2-flowered, persistent. Sepals 3, small Petals 5-6, 
hypogynous, sometimes combined at the base where they are broader. 
Stamens 10, or indefinite; filaments cohering at the base, and united 
to the base of the petals; anthers roundish, fi:ee or united, bilocular. 
Ovary single, trilocular; style 1, filiform; stigma trifid. Capsule 
3-celled, or by abortion 1-celled. Seeds solitary or numerous, sus- 
pended, attached to a central placenta; embryo in the axis of fleshy 
or homy albumen; cotyledons leafy, undulated. — ^Trees or shrubs, 
with alternate stipulate leaves, found in Madagascar. Their proper- 
ties are imknown. There are four genera enumerated, including pro- 
bably about 8 or 10 species. Examples — Sarcolsena, Leptohena. 

792. Order 33. — Tern«tr«miaccfe, the Tea Family. (Polypet.Hypog.) 
Sepals 5 or 7, conaivc, coriaceous, deciduous, the innermost often tibe 
largest; ajstivation imbricated (fig. 265 c). Petals 5, 6, or 9, often 
combined at the base (fig. 265 p). Stamens indefinite, hypogynous; 
filaments free, or united at the base into one or more parcels; anthers 
versatile, or adriate, dehiscing longitudinally. Ovary multilocular; 
styles 2-7. Fruit either a capsule, 2-7-celled, opening by valves, or 
coriaceous and indehiscent. Seeds attached to the axis, few and large; 
albumen 0, or in very small (quantity; embryo straight or bent, or 
folded back; radicle next the hflum; cotyledons ve^ large, often con- 
taining oil. — ^Trees or shrubs, with alternate, coriaceous, exstipulate 
leaves, which are sometimes dotted. They abound in South America, 
and many occur in India, while others inhabit China and North 
America. There are 33 genera, and 130 species enumerated. Ex- 
amples — ^Ternstreemia, Gordonia, Camellia, Thea. 

793. The most important plants of this order are those which yield 
Tea. Considerable discussion has taken place regarding the Tea plants : 
some say that there is only one species; others, two; others, three. 
Fortune visited the black and green tea districts of Canton, Fokien, 
jmd Chekiang, and he says that the black and green teas of the nor- 
th* rn districts of China are obtained from the same species or variety, 
viz. that cultivated in Britain under the name of TJ^ea viridis; while the 
black and green teas from the neighbourhood of Canton are made 
from the species or variety cultivated in this country under the name 
of Thea Bohea, Some make the Assam plant a difierent species, and 
thus recognize three, Thea Canimiimsk or Bohea^ Thea viridis^ and Thea 
Assamica. The quality of the tea depends much on the season when the 
leaves are picked, the mode in which it is prepared, as well as the district 



876 ■’ OIACACILffi. 

in which it grows. Green Tea contains more essential oil and tannin than 
Black Tea. The Green Teas include Twankay, Young Hyson, Hyson, 
Gunpowder, and Imperial; while the Black include Bohea, Congou, 
Sou^ong, Oolong, and Pekoe. The teas of certain districts, such as 
Ankoi, have peculiar chamcters. In some instances teas are dyed by 
means of Isatis indigotica; in other cases, by means of Prussian blue 
and gypsum. Perfume is communicated to teas by means of Oka 
fragrans^ ChhrarUhm imonspimus^ and Agkiia odorai/a. There is a 
' bitter principle in tea called tlmm^ which may be procured by adding 
a slight excess of acetate of lead to a decoction of tea, filtering hot, 
evaporating, and subliming. According to Dr. Stenhouse, 

1 lb. of Green Hyson Tea gave 72 grains pure white Thcine, and 2 coloured 
= 74 grains or 1*05 p. c. 

8 oz. Black Congou gave 34*5 gr. pure, and 1*5 impure = 36 gr. or 1*02 p. c 

6 oz. of Black Assam Tea yielded 36 gr. or 1*37 p. c. 

1 lb. of a cheap Green Tea, called Twankay, gave 69 gr. or 0*98 p. c. 

In 1846, the Imports of Tea into the United Kingdom were — * 

Black, about 43,000,000 lbs. 

Green, about 13,000,000 — 

Total, 56,000,000 — 

An interesting account of the Tea plants, and the manufacture of Tea, 
will be found in Fortune’s “ Travels in China,” in Ball’s “ Account of 
the Cultivation and Manufacture of Tea,” Royle’s “Illustrations of 
Himalayan Botany, ’’andhis “Productive Resources of India.” The genus 
Camellia is prized on account of its showy flowers. There are numer- 
ous cultivated varieties of Camellia japordcay many of which can endure 
the climate of Britain when trained on a wall with a southern exposure, 
or slightly protected. In China, Camellia Sasanqua^ or Sasanqua tea 
is cultivated on account of its flowers, which are smd to impart fra- 
grance and flavour to other teas. Camellia oleifej^a yields a valuable oil. 

794. Order 34. — oiacaceie, the Olax Family. {FohjpeU Hypog,) 
Cal 3 rx small, gamoscpalous, entire or toothed, often becoming finally 
large and fleshy; asstivation imbricated. Petals 3-6, hypogynous, 
free, or adhering in pairs by means of the stamens; aestivation valvate. 
Stamens hypogynous, some fertile, others sterile; the former 3-10, 
alternate with the petals, the latter opposite to the petals; filaments 
compressed; anthers innate, bilocular, with longitudinal dehiscence. 
Ovary l-S-i-celled; ovules 1-3, pendulous from a central placenta; 
style filiform; stigma simple. Fruit fleshy, indehiscent, often sur- 
rounded by the enlarged calyx, unilocular, monospermal. Seed ana- 
tropal, pendulous; albumen copious, fleshy; embryo small, at the 
base of the albumen, — ^Trees or shrubs, with simple, alternate, exsti- 
pulate leaves, which are, however, sometimes abortive. They are 
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chiefly tropical or subtropical. little is known in regard to their 
properties. There are 24 genera, and 53 species enumerated. Exam- 
ples — Olax, OpOia, Icacina. 

795. Order 35. — ^Anmittiaceaj, the Orange Family. [Polypet Hypog. ) 
Calyx urceolatc or campanulate, short, 3-5 -toothed, withering. Petals 
3-5, broad at the base, sometimes slightly coherent; aestivation imbri- 
cated. Stamens equal in nimiber to, or a multiple of, the petals ; 
filaments flattened at the base, distinct or combined into one or more 
parcels ; anthers erect. Tlialamus enlai-gcd in the fonn of a hypogy- 
nous disk, to which the petals and stamens are attached. Ovary free, 
Tiiultilocular ; style 1 ; stigma thickish, somewhat divided. Fruit a 
hesperidium, having a spongy separable rind, and pulpy separable cells 
(IT 552). Seeds aiiatropal, attached to the axis, solitary or several, 
usuiilly pendulous, having the chalaza and raphe usually well marked : 
perisperm 0; embryo straight; cotyledons thick and fleshy. — Trees 
or shrubs, usually conspicuous for their beauty, with rilternate, often 
compound knives, which are articulated with a usually winged petiole 
(fig. 185). I'hey abound in the East Indies. There are 20 genera, and 
nearly 100 species enumerated. Examples — Citrus, Limonia, Tnphasia. 

79(i. The plants exhibit in eveiy part receptacles of volatile oil. 
The oil abounds in tin', leaves and in the rind of the fruit. It is fragrant 
and bitt(*r. The fruit has a more or less acid pulp, and the wood is 
gcTierally compact. Tlie Ormige, Lemon, lame, Citron, Shaddock, 
and Forbidden Fruit, belong to this order. Citrus vulgaris yields 
the Bitter or Scwille Onuige, from the flowers of which an essential 
oil, called Neroli-oil, is procured, in the pro]:)ortion of an ounce fi'om 
550 pounds of flowers. A similar oil is got liom the flower of the 
Sweet (Jrange, Ciinis AuraMlum, The rind of the Bitter Orange is used 
iii conserves. In the young state, the fruit is sold under the name of 
Orangettes or Cura 9 oa oranges. Orange- flower- water, as obtained from 
tlie flowers of the Bitter ()range, is employed as an anodyne. The 
chief kinds of Sweet Orange are tlie Common Orange, the Chinese or 
Mandarin Orange, the Maltese, and St. Michael’s. The last arc the 
finest imported into Britain, and are distinguished by their smooth, 
thill rind. A single tree, it is said, wiU produce 20,000 good oranges. 
Their fruit is used mcdicintiUy, on account of the pulp, which contmiis 
sugaj-, mucilage, and citric acid. From the rind of the Sweet Orange, 
an jil called Oil of Orange is procured, which differs from Neroli-oil. 
A similar oil, but of inferior quality, is procured from the rind of tlie 
Seville Orange. Many look on the Bitter and Sweet Oranges as pro- 
duced by varieties of one species. The Bitter Orange-tree is less than 
that yielding the Sweet Orange ; the petioles are more distinctly folia- 
ceous ; the flowers have a sweeter fragrance ; the rind of the fruit is 
darker and more bitter ; and its pulp more bitter and less saccharine. 
The Lemon, Lime, and Citron, are distinguished from oranges by their 
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oblong £3rm, tbeir adherent lind, and a protuberance at the apex. 
Citrus Lmmmn yields the Lemon, the juice of which is antiscorbutic, 
and is used for cooling drinks and effervescing draughts, while the peel 
or rind, on account of the oil it contains, is employed as an aromatic and 
anthelmintic. A single tree will produce 8,000 lemons. Citrus medica 
ilimishes the Citron, which is larger than the Lemon, has a thicker 
and tuberculated rind, and a less acid pulp. The rind and juice may 
be applied to the same purposes as those of the Lemon. Citrus LimetUi 
is the source of the Bergamot and Lime, which are probably merely 
varieties. The Bergamot is less than the Lemon in size, and is more 
P 3 nriform, while its colour is golden. The Lime is about half the size of 
the Lemon; its rind is thin, dense, and of a greenish-yellow colour, and 
its taste Is more bitter. Oil of Bergamot is the volatile oil of the rind, 
and 100 fruits are said to yield ounces. The fruit of Citrus decu- 
mana is known by the name of the Shaddock, wliile that of C. Pom- 
pelmos is the Pompelmoose fruit. What are cjilled homed oranges 
and fingered citrons, are produced by a separation or multiplication of 
the carpels, so that small fruits appear to be enclosed within the large 
one. jfSgle Mamielos yields an excellent fhiit. From Feroviia eUphan- 
ium^ a gum, like gum-arabic, is procured. 

797. Order 36. — nypericacete, the 'Tutsan or St. John’s-wort Family. 
(Polypet Hypog,) Sepals 4-5, separate or united, persistent, usually 
with glandidar dots, unequal; aestivation imbricated. Petals 4-5, 
oblique, often with black dots ; ajstivation contorted. Stamens hypo- 
gynous, 00 , generally polyadelphous (fig. 315), very rarely 10, and 
monadelphous or distinct; filaments filiform; anthers bilocular, with 
longitudinal dehiscence; carjiels 2-5, united round a central or basal pla- 
centa; styles the same niunber as the carpels, usually separate; stigmas 
capitate or simple. Fruit either fleshy or capsular, multilocular, and 
multivalvular, rarely uiulocular. Sec& usually 00, minute, anatropal, 
usually exjilbuminous; embryo usually straight. — Herbaceous plants, 
shrubs or trees, with exstipulate entire leaves, which are usujdly oppo- 
site and dotted. Flowers often yellow. They are distributed very 
generally over all parts of the globe, are found in elevated and low, 
i-y and damp situations. They yield a resinous coloured juice which 
has purgative properties, and resembles gamboge. Lindley places 
Pamassia in this order. There are 15 known genera, and about 270 
species. Examples — ^Hypericum,*'Elodea, Vismia, lieaumuria. 

798. Order 37.— Ontrifer«e, or cinsiacfsie, the Gamboge Family. 
{Polypet Hypog.) Sepals 2-6 or 8, usually persistent, round, fre- 
quently unequal and coloured ; aestivation imbricated. Petals hypo- 
gynous, equal to, or a multiple of, the sepals. Stamens hypog 3 nQous, 
usually 00, rarely definite, free or variously united at the base ; fila- 
ments unequal in length ; anthers adnate, introrse or extrorse, some- 
times very small, occasionally unilocular, and sometimes with porous 
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or circumscissile dehiscence. Thalamus forming a fleshy, sometimes 
r)-lobed disk. Ovary solitary, 1 or many-celled; ovules either solitary 
and erect or ascending, or numerous and attached to central placentas; 
style 0 or very short ; stigmas peltate or radiate. Fruit dry or fleshy, 

1 or many-celled, 1 or many-seeded, either with septicidal dehiscence 
or indeliiscent. Seeds definite, anatropal, or orthotropaJ, in a pulp, 
apterous and often arillate, with a thin and membranous spermoderm; 
albumen 0 ; embryo straight ; cotyledons usually cohering. — ^Trees or 
slirubs, sometimes parasitical, with exstipulate, opposite, coriaceous, 
entire leaves, having a strong midrib, and lateral veins running directly 
to the margin. Flowers articulated with the peduncle, often unisexu^ 
by abortion. Tliey are natives of tropical regions, more especially of 
South America. Lindley enumerates 30 genera, including 150 sj)ecies. 
Examples — Clusia, Garcinia, Cambogia, and Calophyllum. 

799. The plants of tliis order yield a resinous juice, which is acrid, 
purgative, and has a yellow colour. Gamboge is one of the most 
important products. There are two kinds of gamboge, one called 
Siam, and the other Ceylon Gamboge. The latter is the product of 
Cambofjia gutta or Hebrndendrmt gambogioules^ fmd it is probable that 
the other, which is the only sort in commerc(‘, and which is known by the 
names of Pipe, Lump, and Coarse Gximboge, is derived from the same 
source. Another kind of gamboge, called Coorg or Wynaad Gam- 
boge, has been recently described by Cliristison. Gamboge is a power- 
ful irritant, and in large doses acts as a poison, causing inflammation 
of the mucous membrane. It is eraidoyed medicinally, as a drastic 
and hydragogue cathartic. It is an excellent pigment. The resin of 
Tacarnaliacais yielded by Cakqthyllmn Calaba, An oil is obtained from 
the seeds of Calophyllum inojjhylhm. Pentades7na butyracea is the 
Butter and Tallow-tree of Sierra Leone, so called on accoimt of the 
sohd oil which is furnished by the fruit. Wliile an acrid resin is the 
product of most of the plants of the order, there are some parts in 
which the resin is either absent or elaborated in small quantity. Thus 
some of them produce fruits which are used as articles of diet. Gar- 
cinia Maugostana sujiplies the East Indian Mangosteen, which is said 
to be one of the finest known fruits, being filled with a sweet and 
highly-flavoured pulp. Mamrnm airmica'im gives a drupaceous fruit, 
Cfdled Mammce Apple, or Wild Apricot of South America. Mesua 
Jhr. a yields a hard and durable timber. The Chmas are handsome 
trees, remarkable for the mode in which they send out adventitious 
roots. The fruit of Clusia Jlava^ sometimes called Wild Mango, or 
Balsam-tree, yields a yeUow juice like gamboge. 

800. Order 3 8. — ^marcgnutTiaceaBytheMarcgraaviaFamily. (Poh/pet 
Hypog.) Sepals 2-7, usually coriaceous and persistent; {estivation 
imbricated. Corolla hypogynous, of 5 petals, or gamopetalous, calyp- 
trifozm, entire or tom at ^e point. Stamens usually 00, very rarely 
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5, hypogynotis; filaments dilated at the base; anthers long, erect, 
introrse. Ovary single, unilocular; style 1; stigma often capitote. 
Fruit coriaceous, indehiscent, or dehiscing by valves in a locidicidal 
tuanner, the placentas being parietal and forming spurious dissepiments. 
Seeds indefinite, minute, in a pulp, anatropal, exibuminous; em1:>ryo 
straight. — Trees and shrubs, with alternate, simple, entire, coriaceous, 
and exstipulate leaves. Flowers fiimished occasionally with bracts, 
which are folded and united so ns to form ascidia. Tliey occur chiefly 
in the warmer parts of America. Their properties are scarcely known. 
There are 4 genera mentioned, and 26 species. Examples — Marc- 
graavia, Norantea. 

801. Order 39. — Hipi»ocnit«acefc, the Hippocratca Family. {Poh/pet 
Hypog,) Sepals 5, very small, united up to the middle, persistent, 
with an imbricated sestivatioii. Petals 5, with an imbricated aestiva- 
tion. Stamens 3, monadeJphous ; the. united filaments fonning a tube 
or a disk-like cup round the ovar}’; anthers with transverse.' dehiscence'. 
Ovary free, trilocular ; style 1 ; stigmas 1-3. Fruit consisting either 
of 3 samaroid carpels, or fleshy and l-S-celled. Seeds definite, 
about 4 in each cell, attached to a central placente, exalbuminous, ana- 
tropal, with a straight embiyo, and flat somewhat fleshy cotyledons. — 
Arborescent or climbing shrubs, with oj)posite, simple, somewhat ct)i*iu- 
ceous leaves, having small deciduous stipules. Tliey are found princi- 
pally in South America; a few are natives of Africa and the East Indies. 
The fruit of some is eatable. LincUey mentions 6 genera, comprehending 
86 species. Examples — Hippocratca, Salacia. 

802. Order 40. — BrythroxyEaceie* the Erythroxylon Family. [Polt/pef. 
Hypog.) Sepals 5, united at the base, perristeiit ; sestivatioii imbri- 
cated. Petals 5, h 3 rpogynous, broad and with a small scale at the bfise, 
slightly contorted in aestivation. Stamens 10, monad clphous ; anthers 
erect, bilocular, with longitudinal dehiscence. Ovary 3-celled, two of 
which are sometimes abortive; styles 3, distinct or united; stigmas 3; 
ovule single, pendulous. Fruit a 1 -seeded drupe. Seed angulai-, 
anatropal ; embryo in tlie axis of firm albumen, rarely exalbuminoas; 
cotyledons linear, flat, and leafy. — Shrubs or trees with alternate stipu- 
late leaves. Flowers arising from numerous, imbricated, scale-Hke 
bracts. Found chiefly in the West Indies and South America. The 
plants of the order have tonic, purgative, and narcotic qualities. The 
leaves bf Erythroxylon Coca are used in Peru as a stimulant like opium. 
Some yield a dye. There are 2 or 3 known genera, and about HO 
species. Examples — Erythroxylon, Sethia. 

803. Order 41. — ataipishineeie, the Malpighia Family. (Fohjpet, 
Hypog,) Sepals 5, slightly united, persistent, often glandular at the 
bftpe; aestivation imbricated. Petals 5, imguiculate, uith convolute 
iestiVation. Stamens usually 10, often mon^elphous ; anthers roimd- 
isHj^with a projecting^^process from the connective (fig. 842). Ovary 
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formed by 3 (rarely 2 or 4) carpels, more or less combined ; ovules 
solitary, with a long pendulous cord; styles 3, distinct or united 
Fruit dry or lloshy, sometimes winged (fig. 466). Seeds solitary, 
orthotropal, suspended, exalbuminous ; embryo straight or curved in 
various ways ; cotyledons foliaceous or thickish (fig. 506). — ^Trees or 
shrubs, sometimes climbing, with simple, opposite, or very rarely 
alternate, stipulate leaves, without dots. Hairs, when present, peltate. 
Flowers either perfect or unisexual. They are inhabitants of tropical 
countries chiefly, and a great number of them are Ibund in South 
America. Lindley notices 42 genera, including 555 species. Exam-- 
pies — Malpighia, Banistcria, Hiptage, lliraja, Gaudichaudia. 

804. Some of the woody plants of this order exhibit an anomalous 
formation of the stem, fk)m the absence of annular lings and meduUi^ 
rays, and the peculiar mode in which the bark is produced. This is 
shown in figs. 105, 108, and 109. Many of the plants are astringent. 
Some have stinging hairs (fig. <S4). Tlic fiaiit of Mcdpighia glahra is 
called Biirbadoes Cherry, and is used as an article of dessert. Nitrar-ia 
is a genus doubtfully referred to this order. N, tridentatOj fomid in 
f la^ desert of Soussa, near Tunis, is said by some to be the true Lotus- 
ti-eO of* the ancient Lotopliagi. 

805. Order 42. — Acemcefe, the Maple Family. (Polgpet Hypog,) 
Calyx divided into 5, rju*ely into 4 or 9 parts, with an imbricated testi- 
vation. Petals equal in number to the lobes of thcj calyx, with wliich 
th(^y alternate, rarely wanting. Stamens genenilly 8, inserted on a 

Oviiry free, 2-lobed, 2-celled; ovules in pairs; 
amphitrop.il, pendulous; style 1; stigmas 2. Fruit, a samara (fig. 
4()5), composed of two winged caqwls, each 1 -celled with 1-2 seeds. 
Seeds erect, extilbumiuous ; embryo curved, with foliaceous cotyle- 
dons, and the raditde next the hilum. — ^Trecs with opposite, simple, 
lobed or palmate, exstipulate leaves. Flowers often polygamous. They 
are confined chiefly to the temperate parts of Europe, Asia, and North 
America. They yield a saccharine sap, from which sugar is sometimes 
irianufactured. Acer sajccltanmm is the Sugar Maple of America. 
A cer Pseudo-phifanus, the Sycamore or Great Maple (the Plane-tree 
of Scotland), acts well as a shelter in exposed places, as near tlie sea. 
Its sap is slightly saccharine. Its wood is used in machinery and for 
ftharcc*al. The leaves are often covered with black spots, caused by 
the attack of a fungus, Xyloma or Kytisrna acerinum. There are 3 
known genera, and 60 species. Examples — ^Acer, Negundo, Dobinea. 

806. Order 43. — fUapindaccie, the Soapwort Family. (Polypet Ily- 
pog). Sepals 4-5, distinct or cohering at the base; aestivation imbri- 
cated. Petals 4-5, occasionally absent, hjrpogynous, sometimes naked, 
sometimes with a glandtilar or scaly appendage inside; aestivation 
imbricated. Stamens usually 8-10, sometimes 5-6-7, veiy rarely 20; 
filaments free, or combined just at the base; anthers introrse. Thala- 
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mus forming a- fleshy or glandular disk, into which the stamens are 
oft^ inserted. Oyary trilocular, rarely bi- or quadri-locular; ovules 
anatropal, definite; style either undivided or 2-8-clefl:. Fruit either 
fleshy and indehiscent, -or samaroid, or capsular, and 2-3-valved; Seeds 
solitary, ofl;en arillate, exalbuminous ; embryo straight, curved, or 
spiral; cotyledons incumbent; radicle next the hilum. — Trees or 
shrubs, sometimes climbing herbaceous plants, with alternate, some- 
times opposite, compoimd (fig. . 176), rarely simple leaves, often marked 
with lines or pellucid dots. They are natives principally of South 
America and India. In'tMs Order are included the Hij)pocastaneaB or 
Horse-chestnuts, which are distinguished by their opposite leaves, and 
their two ovules in each cell, one ascending, the other suspended (fig. 
4^). Lindley gives 50 genera, including 380 species. Examples — 
Sapindus, Paullinia, Nephelium, jEscuIus, Pavia, Dodonsca, Mehosma. 

807. In this order are included many plants which yield edible 
fruits, and others which are poisonous. A saponaceous principle exists 
in certain species. The fruit of Sapindm Sapmiaria^ under the name 
of Soap-berries, is used as a substitute for soaj) in the West Indies. 
The Longan and Litchi are excellent Chinese fruits, the produce of 
Neplielium Longan and N, Litchi The kernel of the Longan powdered, 
is sometimes made into paper. BUgliui or Cupania sajjuia yields the 
Akee fruit, the succulent arillus of which ivS used as food. Many of the 
PaulUnias arc poisonous. From the seeds of Paullinia sorhili% how- 
ever, the Gusirana bread is prepared in Brazil. Tliis Guarana contains 
a bitter principle, identical with Caffeine. The bark of jEsfpdm 
Hippocastanum^ Horse-chestnut, has been recommended as a febrifuge, 
arid its seeds have been used as a substitute for coffee. The fhiit 
and leaves of jEscuIus oldotenm^ the Buck-eye or American Horse- 
chestnut, are said to be poisonous. Paullinia pinnata^ and some other 
Sapindaceaj of Brazil, exhibit anomalous exogenous stems (fig. 106). 
Ophiocaryctn paradoxum^ is the Snake-nut-tree of Dcmerara, and is 
so called on account of the embryo resembling a coiled-up snake. 

808. Order 44. — RhlBoboiacese, the Souari-nut Family. [Polypet, 
Hypog.) Sepals 5, more or less combined; estivation imbricated. 
Petals usually 5, unequal, thickish. Stamens indefinite, slightly 
monadelphous, arising from a hypogynous disk, in a double row, 
of which the inner is often abortive; anthers roundish, with longitu- 
dinal dehiscence. Ovary 4-5 -ceMed; ovules solitary, semi-anatropal ; 
styles as many as the cells of the ovary; stigimis simple. Fruit formed 
of several indehiscent, 1 -celled, 1 -seeded nuts, with a thick double 
endocarp. Seed reniform, exalbuminous, with the ftiniculus dilated 
into a spongy excrescence ; embryo with a very large radicle, which 
constitutes nearly the whole of the kernel ; cotyledons small, lying in 
a furrow of the radicle (fig. 503). — ^Trees with opposite, pahnately 
compound, coriaceous, exstipulate leaves. They grow in the warm 
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forests of South America. Some of them furnish oil, others yield 
edible nuts. Souari nuts are the produce of Caryocar Imtyrosmi 
(Pekea hityrosa). Lindley notices 2 genera, and 8 species. Examples 
— Caryocar, Anthodiscus. 

809. Order 45. — OTciiaceie, the Melia Family. {Polypet, Hypog,) 
Sepals 4~5, more or less united, with an imbricated SBStivation. Petals 
4-5, hypogynous, sometimes cohering at the base, with a valvate or 
imbricated gestivation. Stamens equid in .number to the petals, or 2, 
3, or 4 times as many; hlameuts combined in a long tube; anthers 
sessile within the orifice of the tube. Disk often large and cup-shaped. 
Ovary single, multilocular, the cells often equal in number to the 
l)etals; ovules usually anatropal, 1-2 in each cell; style 1; Stigmas 
distinct or united. Fruit baccate, drupaceous or capsular, multilq|cu- 
lar, or by abortion unilocular, when valves are present opening by 
locuhcidal dehiscence. Seeds not winged; albumen usually absent; 
embryo straight, with leafy cotyledons. — lV(;es or shrubs, with alter- 
nate (occasionally opposite), exstipulate, simple, or pinnate leaves. 
They are chiefly found in the tropical parts of America and Asia. 
Under this order, some include llumiriaccsc, which are distinguished 
by a prolonged fleshy connective (fig. 341), albuminous seeds, and a 
slender embryo. i\rnott includes Cedrelacetc also under this order. 
There iire about 40 known genera, and upwards of 160 species. 
Examples — Melia, Trichilia, Humirium, CancUa. 

810. The pliints of this order possess bitter, tonic, and astringent 
qualities. ]\lelia AzedararMa is used in India as a lebrifuge, and its 
fruit yield*^ an oil which is employed for domestic purposes, and as 
an antispasmodic. Oils are procured also from species of TrickiUa 
suid Carapa (fig. 507). The fruit called in the Indian Archipelago, 
Laugsat, is the produce of a species of Lansium. A fragrant balsam, 
called Balsam of Umiri, is got from the trunk of Humirium Jhribundum. 
(Jamlla, alha^ the plant which furnishes Canella bai’k, has been referred 
to this order, but great doubts exist as to the propriety of doing sa 
Lindley m^cs provisionally a sepaiute order, Canellaceae, which . he 
places near Pittosporacea3. Canella bark is hot and aromatic, and 5s 
used as a spice, and medicinally as a stimulant tonic. It was fo^erly 
confoxmded with Winter’s bark, and the plant was called by Xionasus, 
Winterania Canella, or spurious Winter’s bark. 

811. Order 46. — Cedreiacetc, the Mahogany Family. (Polypet, 
Hypog,) Cidyx 4-5-cleft, with imbricated asstivation. •Petals 4-5, 
with imbricated asstivation. Stamens 8-10, united below into a tube, 
sometimes distinct, inserted into a h 3 q)ogynous annular disk; anthers 
bilocular, acuminated, with longitudinal dehiscence. Ovary usually 
4 or 6-ceIled; ovules anatropal, pendulous; style simple; stigma 
peltate. Fruit a capsule opening septifragaUy (figs. 450, 451). Seeds 
winged; albumen thin or 0; embryo straight, erect; cotyledons 
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fleshy — Trees with alternate, pinnate, exstipulate leaves. They are 
found in the trppicgd parts of Ainerica and Asia. Liiidley enumerates 
9 genera, including 25 ^ecies. Examples — Cedrcla, Swietenia. 

812. The plants of this order are bitter, and have an aromatic fra- 
grance. Sivietenia Mahagoni supplies the well-known mahogany wood. 
Its b^,rk, as well as tliat of Soymida fd^nfuga^ and of Gedrela febrijuga^ 
are used for the cure of intennittcnts. Ckloroxylm Swietenia pro- 
duces satin-wood, and also yields a kind of wood-oil. 

813. Order 47. — Ampelidete or Titaccro, the Vine Family. {Polypet 
Hypog.) Calyx small, nearly entire (fig. 586 c). Petals 4-5, some- 
times cohering above (fig. 586 p\ inserted outside an annular h)^o- 
gjmous disk (figs. 586, 587 g); aestivation valvate. Stamens 4-5, 
opposite to the petals (figs. 586, 587 e), inserted on the disk ; fiLmients 
free, or united at the base; anthers ovate, versatile (fig. 587). Ovary 
2-6-celled; ovules erect, anatropal (fig. 588 o); style 1, very short; 
stigma simple (588 s). Fruit pulpy and globular, not united to the*, 
calyx (fig. 589),. sometimes 1 -celled by abortion. Seeds 1 to 4 or 5, 
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erect (590), with an osseous spermoderm, horny sdbumen (figs. 591, 
59 2 p), and an erect embryo (fig. 591 e). — Climbing shrubs, having the 


Fifes. 685-6i)2.— OTficaiis of fructification of Vitis vinifera, to 111u.stratc the natural order, 
Vitacece or Ampelidea*. 

Fig. 686.— Diagram of tile flower, showing 6 Kjpals, 5 petals, 6 stamens opposite the petals on 
account of the non-development of one staminol row, a disk, and the ovary. 

Fig. 686.— Flower showing the petals, detached at the hasc, and remaining united above 
in a calyptra-like manner, c, Calyx, ff, Olajjds, forming a disk, p, Stamens, the filaments of 
which only are ^n. 

Fig. 687,— Flower after tlie petals have fallen. //, Glands of the disk, e, Stamens, with 
versatile anthers, p. Pistil. 

Fig. 588. — ^Vertical section of the flower, c, Calyx, jp, Petals, e, Filaments, o, Ovary, 
^ with 2 cells and their erect anatropal ovules. «, Sti^a. 

Fig. 689. — Globular pulpy fruit, uva, or grape, differing from a berry, in the calyx not forming 
pert of the pericarp. It is by some colled nuculiniuin. 

Fig. 690.— The seed of tlie grape, with its osseous spermoderm enclosing a hard perisT)enn. 

Fig. 691.— Ine seed cut vertfcally. «, The integument or fmermoderm. p, Perii^erm, or 
albumen, whl^ is homy. e. Emct embryo, with lanceolate cotyledona 

Fig. 69a^-^Qrizontal section of the seed of the grape, about the middle. Integument or 
apennodenA Pt Perisperm or albumen. 
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lower leaves opposite, the upper ones alternate (fig. 221). Flowers in 
racemes, which are often opposite the leaves; fioraj peduncles some- 
times becoming cirrhose. They inhabit the milder as well as the 
hotter parts of both hemispheres, and abound in the West Indies. 
There are 7 genera and 260 species. Examples — ^Vitis, Cissus, Leea. 

814. Tlie plants of this order have genei^y acid leaves, and their 
Iriiit, when ripe, is saccharine. Vitis vinifera, the Qrape Vine, be- 
longs to this order. It is said to be a native of the shores of the 
Caspian, whence it was imported into Europe. The unripe fruit con- 
tains a harsh acid juice, called veijuice. It contains free citric, 
malic, and tartaric acids, along with bitartrate of potass. As grapes 
ripen, sugar, called Grape-sugar, is formed at the expense of the acids 
(it 304). Tlie Vessels of the Vine are large (fig. 61), and the sap passes 
through them with great force and rapidity. Wien cut in spring 
the pL'mt bleeds freely. 

815. Order 48. — Geraulaccfet tlie Crancsbill Family. {Polypet, 
Hypog.^ Sepals 5, persistent^ more or less unequal (figs. 307, 347 c c), 
one sometimes spurred- at the base; aistivation imbricated. Petals 5 
(or by abortion 4), urf^uculate, with contorted aestivation (figs. 807, 
.•547 p p), Stamens monadelphous, hy[)ogynous (figs. 307, 347 c), 
twice or thrice as many as tlie petals, some occnsionally abortive. 
Ovfiry of .5 carpels, placed round an elongated axis (fig. 3074); ovules 
pendulous, solitary; styles 5, cohering round the axis (fig.^07 o). 
Fruit iomiod of 5 one-seeded coccoons, terminated each by an indu- 
rated style, which curls upwards, carrying the coccus or peiicarji 
with it (fig. 455). Se(*.ds exalbnminous, solitary, with a curved folded 
(tnibiyo, and leafy, convolute, and plaited cotyledons (fig. 511). — Herbs 
or shrubs with sitriplt^, stipidate leaves, which are cither opposite, or 
alfeniate with pedimcles opposite to them. Tliey are distributed over 
Vc'irtous parts of the world. Tlie species of Pelargonium abound at 
tlu* Cape ol’ Good Hope. Lindlcy mentions 4 genera, including, after 
separating hybrids, about 500 species. Examples — Geranium, Pelar- 
gonium. 

81 6. The name Oanesbill is derived from the long beak-like pro- 
longation of the axis, or what is called the cjirpophorc (f 437). The 
plants of this order arc astringent and aromatic. The tuberous or 
moniliform roots of some, such as Pelargonium triste (fig. 123), are 
catjiblti. Tlie species of Pelargoniivn are remarkable for the beauty 
of their llowcrs. By the art of the gardener, and by hybridization, 
many fine varieties of Pelargonium have been produced. 

817. Order 49. — [.innenre, the Flax Family. {Polypet. Hypog.) 
‘Sepals 3, 4, or 5, persistent, with an imbricated aBStivation. Petals 
3, 4, or 5, fugitive, unguiculatc, hypogynoui^ with a twisted cestiva- 
tion. Stamens equal to the petals and alternate with tliein (with, 
intennediate teeth or abortive stamens), arising from a hyiiogynous 
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annular disk; anthers ovate, erect. Ovary with as many cells and 
styles as sepals, seldom fewer; stigmas capitate; ovules anatropal, 
pendulous. Fruit a multilocular capsule, pointed generally mth the 
indurated base of the styles; each loculament or cfdl more or less 
completely divided by a spurious dissepiment, aiising from the dorsfil 
suture, and opening by two valves at the apex. Seeds solitary in each 
spurious cell, compressed, pendulous; albumen usually in small 
quantity, sometimes 0; cmbiyo straight; cotyledons flat; radicle next 
the hilum. — ^Annual and perennial plants, with exstipulate, simple, 
entire leaves, which are usmilly alternate. They are scattered over the 
globe, bnt are said to be most abundant in Europe, and in the north 
of Africa. By some authors the order is associated with Geraniaccae, 
from which it differs in its unbeaked fruit and exstipulate leaves, as 
well as the absence of joints in tlie stem. Tliere are 3 genera men- 
tioned by Lindley, comprising 90 species. Examples — Linum, Radiola. 

818. Tlje plants yield mucilage and fibre. Flax, which consists of* 
woody fibnj (fig. 44), is procured from the inner bark of the stdk of 
Linum vsitatissimum^ by the process of steeping and stripping off thi' 
bark. Linen and cambric are prepared from it. The flax plant is 
supposed to have been originally a native of Eg 3 rpt, and mummy 
cloth has been shown to be formed of linen. Tht'. integument of the 
seeds is mucilaginous, and an infusion of them in boiling water is used 
as a demulcent and diuretic. The cotyledons of the seeds are olea- 
ginous, and by expression jdeld linseed oil, which lias the property 
of drying and hfirdening into an clastic varnish, on exposure to the 
air. It is used medicinally for bums mixed with lime water. After 
expressing the oil a cake remains, called oil-cak(^, which is used for 
fattening cattle. The powdered cake receives the name of Linseed 
meal, and is commonly used for poultices. Another species of Linum ^ 
called L. calhurticum^ Has purgative properties, which seem to depend 
on the presence of an acrid bitter matter, called Linin. 

819. Order 50. — Balaaminacece, the Balsam Family. {Poltipet. 
Hypog,) Sepals 5, irregular, deciduous, the two inner and upper 
connate, coloured, the lower (odd) sepal si)urred (fig. 541); aestiva- 
tion imbricated. Petals alternate with the sepals, usufiUy 4, in conse- 
quence of 1 being abortive, often more or less irreguLorly united; 
aestivation convolute. Stamens 5. Ovary 5-celled; ovules usually 
numerous; stigma sessile, more or less 5-lobed, Fruit a 5-celled 
capsule, opening septifragally, by 5 elastic valves. Seeds usually 
numerous, suspended, exalbuminous, with a straight embryo, and 
radicle next the hOum. — Succulent herbaceous plants with watery 

^ juice, having simple, opposite, or alternate, exstipulate leaves, and 
iixillaiy irregular iloweiSL They inhabit chiefly the East Indies, and 
^Vare remarkable for the force with which the seed-vessels open when 
ripe. The valves give way on account of the exosmose which goes on 
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in tlio cells, and they* then curl up in a peculiar manner (f 27, 606). 
They have usually showy flowers, but their properties are unimportant. 
Lindley mentions 3 genera, including 110 species. Examples — Ln- 
patiens, Hydrocera. 

820. Order 51. — Ozaiidaoeie, the Wood-sorrel Family. {Polypet 
Hypog.) Sepals 5, equal, sometimes cohering slightly at the base, 
I)ersistent, imbricate in aestivation. Petals 5, equal, unguiculate, 
li 3 q)ogyDOus, with a twisted sestivation. Stamens 10, more or less 
monadelplious, in 2 rows; those opposite the petals being longer than 
those in the outer row; anthers erect, bilocular. Ovary usually quin- 
(juelocular; styles filiform, distinct; stigmas capitate or slightly bifid. 
Fruit ca})sular, membranous or fleshy, usufdly 5-cclled, and when 
dehiscent 5-10 valved. Seeds few, anatropal, albuminous, attached 
to a central placenta, sometimes with a peculiar elastic integument; 
embryo straight, as long jis the fleshy albumen, with a long radicle and 
Jeafy cotyledons. — Herbs, underslirubs, or trees, with alternate, rarely 
opposite compound (occiisionally simple) leaves, which are generjilly 
without stipules. Tiny are found in the hot as well as the temperate 
])!nts of the world, and are abmidant in North America and at the 

of Oood Hope. In some cases phyllodia, or winged petioles, 
oecjupy the place of leaves. Tliere are about 6 known genera, and 
upwards of 320 species. Evamples — Oxalis, AveiThoa, Plugonia. 

821. They arc oflen acid in tiieir properties. Some of them yield 

esculent roots. Oxalts AcetoselUi^ common Wood-sorrel, receives its 
name from its acid taste. It contfiins binoxalate of potash, which is 
sometimes called tin* salt of sorrel, and at other times the essential salt 
of kanons. Tlie plant has been used as a refrigerant and antiscorbutic. 
Its leaves arc trifoliate, and some have considered it to be the true 
Sliamruck, in conse([ueiice of being in flower about the period of the 
year ■when St. J^atrick’s day occurs. Some of the oxaJises, as O. sefusi- 
fiva, have sensitive leaves, and experiments have been made in regard 
to tlicir closing and opening by Morreii (T QOO). Oxalis crenata^ 
('saile/ita, and yield tubers, which have been used as a substi- 
tute for potatoes. The acid fruit of Avm'hoa Caramhola is 

used ill tlic East Indies as food. 

822. Order 52. — Tropieolaccte, the Indian Cross Family. {Polypet 

Sepals usually five, the upper spurred (fig. 275); sestivation 
slig'itly imbricate. Petals often 5, liypogyiious, more or less unequal, 
sometimes abortive (fig. 542); ajstivation convolute. Stamens 8 or 10, 
seldom lewder, free, almost perigynous; anthcirs bilocular, innate. Ovary 
triquetrous, composed of 3-5 carpels, with a single style, and 3-5 
.acute stigmas; ovules solitary, often pendulous. Fruit indehiscent, 
usually composed of 3 pieces. Seeds exfdbuminous, with a large em- 
bryo, which has tliick, often united, cotyledons, and a radicle next the 
hilum. — Herbaceous ti’ailing or twining plants, having a delicate tex- 
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ture, with alternate exstipulate leaves, and axillaiy, often gay, flowers. 
They are natives of the temperate parts of America, and are exten- 
sively cultivated on account of their showy yellow, orange, scarlet, 
and occasionally blue flowers. They have more or less pungency in 
their frtdt, which is used as a cress. The unripe fruit of Tropceolmu 
mcQUS^ common Indian Cress, has been pickled and used as capers. 
Their roots arc sometimes eaten. Lindley includes Limnantliese in tJiis 
order, and enumerates 6 genera, inclucQng 44 species. Example — 
Tropseolum. 

823. Order 53. — ^Ptuofiporaccte, the Pittosporum Family. (Polf/pet, 
Hifpog,) Sepals 4 or 5, deciduous, distinct or paii;ially united; estiva- 
tion imbricated. Petals 4 or 5, sometimes slightly cohering, mth 
imbricated aestivation. Stamens 5, distinct, alternate with the petals. 
Ovary single, 2-5-celled ; style 1 ; stigmas 2-5, equal in number to 
the placentas. Fruit capsular or beraed, with many-seeded e-ells, 
which are sometimes incomplete ; dehiscence loculicidal. Seeds often 
enveloped in a glutinous or resinous pulp, anatropal, with a miinitt^ 
embryo Ipng in fleshy albumen; radicle long; cotyledons very sliort. 
— ^Trees or shrubs, with simple, alteniate, exstipulate leaves and 
flowers occasionally polygamous. They are found chiefly in Austra- 
lasia. Many of them are resinous, and, in some instances, tlie berries 
are eaten. Lindley mentions 12 genera, including 78 species. Exam- 
ples — ^Pittosporum, BiUardieni, Sollya.. 

824. Order 54. — ^Brcxiaccas, the Brexia Family. (Pob/pet. Hf/jtof/.) 
Calyx small, persistent, of 5 coherent sepals, with an imbricated aesti- 
vation. Petals 5, with twisted aestivation. Stamens 5, alternate with 
the petals, arising from a narrow cup or disk, which is tootlmd between 
each stamen ; anthers bilocular, erect, opening longitudinally and in- 
trorsely. Ovary 5-cellcd; ovules numerous, in 2 rows; placentas 
central; style 1 ; stigma simple. Fruit drupaceous, 5-celled, many- 
seeded. Seeds having two di stine t coverings, anatropal ; embryo straight ; 
radicle cylindrical ; cotylcjdons ovate, obtuse. — ^Trees with coriaceous, 
alternate leaves, liaving small deciduous stipides. They exist j)ruici- 
pally in Madagascar. Lindley associates some perigynous genera with 
Brexia, and places the order near Saxifragacea\ He enumerates 4 
genera, induing (5 81)60168. Example — ^Brexia. 

825. Order 55. — ZygropiiyUaccse, the Guaiacum Family. {Polypet, 
Hypog.') Calyx 4-5-parted, witR convolute rcstivfition. Petfils alter- 
nate with the calycine segments, with imbricated aestivation. Stamens 
twice as many as the petals ; filaments dilated at the base, usually 
arising from scales (fig. 313). Ovary simple, 4-5-celled; divisions 
occasionally formed by spurious dissepiments (figs. 438, 439). Ovules 
2 or more in each cell, usually pendulous; style simple, 4-5-furrowc;d; 
stigma simple, or 4-5-lobed. Fruit capsular, or rarely fleshy, with 
4-5 angles or wings, 4-5-valved, either opening by loculicidal dehis- 
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ce.iKje, or indohiscent. Seeds few, usually with wliitish albumen, 
soTiietimcs cxalbuminous ; embryo green, with foliaceous cotyledons, 
and a superior radicle. — Herbs, shrubs, or trees, with opposite, stipu- 
late, usu^y compound leaves, which are not dotted, and Hermaphrodite 
Ihnvors. They occur in various parts of the world, chiefly in warm 
extra-tropical regions, as in the south of Europe, America, Africa, 
and India. The order has been divided into two sections: — 1. Zygo- 
]:)hylleaR, having albummous seeds. 2. Tribulc®, having cxalbuminous 
seeds. Lindlcy mentions 7 genera, comprising 100 species. Egcamples 
— Zygophylluin, Guaiaciun, Tribulus. 

820. Some of the plants abound in a stimulant resin, which pervades 
the wood and bark; others arc bitter mid acrid. The medicinal species 
arc used as sudorifics. Zygophyllmii Fnhago is called the Bean-caper, 
on account of its flowers being used as a substitute for capers. The 
plant is said to act as a vermifuge. Guaiacam officinale is a beautiful 
West Indian tree, the wood of which, commonly called lignum- vitas, 
is j)rized for its hardness. Tlie alburnum is of a greyish-ycUow colour, 
while the diu'amen is greenish-black. The fibres of the wood are 
ri'inarkable I’or their direction, being cross-grained, in conscc[uence of 
nne layer crossing fmother diagomilly. It yields a resinous matter 
known as the resin of Guaiac, or Gmn-guaiac. This resin exudes 
spontfincously, or it may be procured by incisions, or by the applica- 
tion of heat. A solution of the resin in alcohol, when applied to the 
Iresli cut siirfiice of a potato, gives rise to a blue colour. Both the 
Avood and the resin are used medicinally on account of their stimulant 
diaphorelic properties. In decoction and tincture they ai'e admiuis- 
t(Ted in cutaneous and syphilitic diseases. Gimiacum sanctum from 
Mexico has similtir j)ropertics, and is sometimes used medicinally on 
llie continent. 

827. Order 50. — Kniaccic, the Rue Family. (JPolypet Hypog.) 
See figs. 532, 533. Calyx having 4-5 segments, with an imbricated 
jcstivatioii. Petals alternate with the divisions of the calyx, distinct, 
or cohering bcloAV into a spiuious gamopetalous corolla, rarely want- 
ing; activation either contorted or valvate. Stamens equal in number 
to the petals, or twice or thrice as many (rarely fewer by abortion or 
non-development) (fig. 534), usually hypogynous, but in some instances 
j)erigynous. Between the stamens and ovary there is a more or less 
complete cup-shaped disk, which ist cither free or united to the calyx. 
Ovary sessile or supported on agynophore (fig. 382), its carpels equal 
to the petals in number or fewer; ov^(»s 2, rarely 4 or fewer in each 
(iarpcl; styles adherent above (fig. 382); stigma simple or dilated. 
Fruit capsular, its parts either combined completely or partially; seeds 
solitary or in pairs, albuminous or exalbuminous ; embryo with a 
superior radicle. — ^Trees or shrubs, with exstipulate, opposite or 
alternate leaves, usually covered with pellucid resinous dots (figs. 87, 



390 


XAISTHOXYLACEJE OB ZANTHOXTLACEiE. 


89), and hermaphrodite flowers. The order has been subdivided into 
two suborders; — 1. Rutese, with albuminous seeds, and the fruit with 
sarcocarp and endocaip combined. 2. Diosmeoe, with exalbuminous 
seeds, and a 2-valved endocarp, which dehisces at the base, and wlien 
the fruit is ripe separates from a 2-valved sjircocarp. Ruteac are 
found chiefly in the southern part of the temperate zone, as in the 
south of Europe, while Diosmese abound at the Cape of Good Hope, 
and in New Holland. Lindley mentions 48 genera, and 400 species. 
Eicamples — Ruta, Dictamnus, Diosina, Bai’osma, Correa, Boronia. 

828. Tlie plants are remarkable for their peculiar odour, which is 
very powerful and penetrating. Many have antispasmodic properties, 
while others arc bitter and act as febrifuges and tonics. The leaves 
and unripe fruit of Rvta graveolem^ common or garden Rue, are ust'd 
in medicine as stimulants, antispasmodics, anthelmintics, and emniena- 
gogues. They emit when bruised a strong and peculiar oppressive 
odour, and have a bitter and acrid taste. By distillation with water, 
they yield a yellow acrid volatile oil, which is their active constituent. 
The leaves of various species of Barosma^ especially crenuta or 
cremilata^ and serratifolia^ are used in medicine under the name of 
Bucku or Buchu. They conttun a yellowish volatile oil, having a 
powerful odour, and they have been used as stimulant and antispas- 
modic. They are prescribed in cases of irritation and catarrh of the 
bladder in the form of infusion and tincture. Galtpca oJict/iah\% a 
plant found in Columbian Guiana, supplies the Angustura bark, which 
is used as a tonic and febrifuge. It is jjrobable that Galipea Cusparifiy 
sometimes called Bonplandia trifoliata^ also furnishes a variety of An- 
gustura bark. On the continent, Angustura bark is sometimes 
adulterated with the poisonous bark of Strychnos Nux-vomica. Some 
of the species of Dictamnus^ such as I), Friudmlla^ False Dittany, 
abound in volatile oil to such a degree that the atmosphcu’c around 
them becomes inflammable in hot, dry, and calm wofithor. The 
Correas are remarkable for their gamopetalous corolla. The leaves of 
some of the species have been used for tea in New Holland. 

829. Order 57. — Xanthoxylacero or Zantfaoxylaccre. tllC Xanthoxy- 
lon Family. {Polypet Hypog.) Flowers unisexual. Calyx in 3, 4, or 5 
segments, with imbricated asstivation. Petals the same number, rarely 
0, usually larger than the calyx; aestivation imbricated or convolute. 
Stamens as many or twice as many as the petals, not developed in 
the female flowers. Ovary consisting of as many carpels as there 
are petals (sometimes fewer), the-carpels being either completely or 
partially united (fig. 380): ovules 2, rarely 4, in each carpel; styles 
more or less combined (fig. 380 s). Fruit baccate or membranous, 
sometimes of 2-5 cells, sometimes of several drupes, or 2-valved 
'capsules, of which the fleshy sarcocarp is partly separable from the 
^docarp. Seeds solitary or in pairs, pendulous; embryo lying 
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within fleshy albumen; radicle superior; cotyledons ovate, flat. — 
Trees or shrubs, with exstipulate alternate or opposite leaves, having 
pellucid dots. They exist chiefly in tlie tropical parts of America. 
Lindley enumerates 20 genera, including 110 species. 

830. The j)lants yield a volatile oil which is aromatic and j)uiigent. 
Some are diajdioretic in their properties, others are febrifligal and 
tonic. The pungency of species of Xanthoxylon has caused them 
sometimes to be denoiiiiiiated peppers. Xanthox^jlon jnvadmmn^ or 
j)rickly ash, acts as a sialagogue. X. caiihcmim, has a bitter and febri- 
fugal bark. Tlie bitter j)rhiciple secret(?d by many of the plants of 
this order is called Xjiiilhopicrme. 

831. Order 58. — t^imarubaceic, the Quassia and Simaruba Family. 
(Polypet. Hypog.) FioAvers usually hennaphrodile. Calyx in 4 or 5 
divisions; testivation imbricated. Petals 4 or 5, spreading or connivent 
into a kind of tube; aestivation twisted. Stamens tAvice as many as 
the petals; lilaments arising Irom scales. Ovary 4-5-lobed, 4-5-celled, 
supported on a gynophore; ovules solitary; style simple; stigma 
4-/)-lobed. Fruit indeliiscent, consisting of 4 or 5 (hnipes arranged 
round a common receptacle. Seeds anatropal, ])endulous; embryo 
(‘xalbuiniuous. — Tj*ees or shrubs, with cxsti])ulate, alternate, usually 
compoimd leaves, Avithout dots. They are found in the tropical parts 
of America, Asia, and Africa. Lindley gives 10 genera, and 35 
species. Examples — Simaruba, Quassia, Picraena. 

832. All tlie plants oi‘ the*, order are intensely bitter. Quassia wood 
was originally the product of iluasski amara, a tall shrub, never above 
1 5 feet in height, inhabiting Surinam, Guiana, and Colombia. It is a 
V(Ty ornamental jilaiit, aud has remarkable pinnate leaves, Avith 
winged petioles. In their early state, ihe leaves seem to be simple, 
but in the progress oJ' groAvth tAvo or more contractions take place, at 
each of wliich two leaflets ajipear, the pairs being separated by a 
winged midrib, — a continuation of the petiole. This Surinam Quassia 
does not appear to be exported now, and it is not met with in English 
trade. A thriving specimen Avas recently sent to the Edinburgh Bota^c 
Garden by Professor Syme. Tlie Quassia of the shops is the wood of 
Simaruba or Picrama excelsa., a very large Ibresf tree, attaining a height 
of nearly 100 feet, groAving in Jamaica and otlier West Indian islands, 
whore it is called Bitter Ash, and Bitter Wood, (iuassia is used 
m<'dicinally, in the form of infusion and tinctmre, as a tonic and anthel- 
mintic. It acts as a narcotic poison on flies and other insects. Al- 
though prohibited by law, it is frequently employed by brewers as a 
substitute for hops. The bitterness of Quassia is said to be owing to 
a crystalline principle called Quassin. The bark of the root of Sima-- 
ruha amara or officinalis^ a tree found in Cayenne and in the West 
Indies, is used as a bitter tonic and astringent, more espechdly in the 
advanced stages of diarrhoea and dysentery. Bracea antidysmterica 
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was at one time erroneously supposed to furnish false Angustura bark. 
It has properties similar to those of Quassia. Malombo bark is pro- 
bably yielded by a species of Quassia. 

833. Order 59. — Ochnaceie, the Ochna Family. {Pohj2^<*^- Hypog.) 
Sepals 5, persistent, imbricated in a;stivation. Petals equal to, or 
twice as many as the sepals, deciduous, spreading, imbricated in a;sti- 
vation. Stamens 5, opposite the sepals, or 10, or indefinite; filaments 
persistent, attached to a. hypogynous disk; anthers bilocular, innate^, 
opening by pores, or longitudinally. Car[->els as many as the petals, 
seated on an enljirged gynobase (thecaphore); ovule erect or pendu- 
lous, styles xmited into one. Truit gynobasic, consisting of several 
succulent indchiscent, monospermous carpels. Seeds anatropal, usually 
eXalbuminous ; embryo straight ; nidicle short ootyledons thick. — 
Undershrubs or trees, with alternate, simple, stipulate leaves, and 
pedicels articulated in the middle. Tliey grow in tropical countries, 
and are remarkable for the large succulent prolongation of the recej)- 
tacle to which the carpels are attached, lliey are generally hitter, 
and some of them are used as tonics. Lindlcy enumerates fi genera, 
comprehending 82 species. Examples — Ochna, Gomphia, Gastela. 

834. Order GO. — Coriariacefc, the Coi’iaria Family. (Foh/pet. 
Hypog.) Flowers unisexual. Calyx campanulatc, 5-parted; SDStiva- 
tion imbricate. Petals alternate with the calycine segments, very 
small, fleshy, with a keel on the internal surfiice. Stamens 10 (fig, 
537) ; filaments filiform, distinct ; anthcirs dithecal, oblong. Ovary 
composed usually of 5 carpels, attached to a thickened rc*cej)taclG or 
gynobase, 5-celled ; ovules solitary, pendulous ; style 0 ; stigmas 5, 
long and glandular. Fruit, consisting of live, monospexmous, inde- 
hiscent, orustaceous carpels, enclosed by the enlarged petals. Seeds 
pendulous, anatropal, exalbuminous; embiy^o nearly straiglit; cotyhv 
dons fleshy; radicle short and blunt. — Shrubs with opposite square 
branches, opposite, simple, ribbed leaves, and scaly buds. They arc^ 
found in small r|jimhcrs in the south of Europe, South America, India, 
airf New Zealand. Some of them are poisonous. The leaves of 

\Coriaiia myrtifolia have been employed to adulterate Alexandrian 
Senna on. the continent. Tlic leaves are known from those of true 
, Senna by being 3-ribbed. llie leaves are used for dyeing black, and 
::,an infusion of them gives a dark-blue with sulphate of iron. Lindley 
mentions the genus Coriaria only as belonging to this Family, thc^ 
position of which he considers as doubtful. There are 8 species of the 
genus. Example — Coriaria. 

Subclass IL— CALYCIP’LOBiB. 

. 885. In this division are included the Polypetalous orders of Jussieu, 

in which the stamens are not hypogynous, as well as some diclinous 
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orders. A calyx and corolla are present, in other words, the plants 
are Dichlamydeous; the petals are ^tiiict and the stamens arc attached 
to the calyx, — ^being thus more or less Perigynous. This subclass, 
along with nialamifloras, comprises the Dhilypetalae of Endlicher. It 
has be(?n already stated that l)e Candolle included in this divisioii 
gamopetiilous plants, in which the ovary is inferior. 

830. Order 01. — Mtackhousiaceie, the Stackhousia Family. {Poly- 
peUiL Periyi/n.) Calyx 5-clcft, equal with an iidlated tube. Pe- 
tals 5, equal, inserted at the top of the tube of the calyx, claws of 
the petals united, limb narrow and stellate. Stamens 5, unequal, 
attacJied to tlie tube of the ciilyx. Ovary superior, 3-5-cclled, cells 
partially distinct : ovules solitary, erect ; styles 3-3, sometimes united 
at the base; stigmas simple. Fruit consisting of 3-5 indehiscent 
pieces, which are sometim<^>s winged, and arc attached to a central 
j)ersisteiit column. Seeds anatropal ; embryo long, erect, in the axis 
of fleshy’^ albumen. — Shrubs with sim 2 )le, entire, alternate, stipulate 
leaves, found in New Holland, and not possessing any marked pro- 
perties. Lindley notices 2 genera, and 10 species. Kcample — 
Stackhousia. 

837. Order 02. — Cciaairacroi, the Spindle-tree Family. {PolypeL 
Periyyn.) Scj)jils 4-5, imbricated in aistivation. Petals 4-5, with a 
broad bjiso, and an imbricated aestivation, rarely wanting. Stamens 
alternate with the petals; anthers erect. Disk L’lrge, flat, and expanded, 
suiTounding the ovary to wJiich it adlieres. Ovary superior, 2-5- 
('clled ; ovules ascending, one or numerous, attached to the axis by a 
short, funiculus. Fruit either a. 2-5-celled capsule, with loculicidal 
dehiscence*, or drupaceous. Seeds one or many in each cell, anatropal, 
usually ascending, and sometimes arillate (figs. 481, 482); albumen 
fleshy ; embryo straight, with flat cotyledons and a short radicle. — 
Small trees or shrubs, with simple, alternate, rarely opposite leaves, 
and small deciduous stipules. They inhabit the warm part s of Europe, 
North America, and Asia, and many are Ibund at the Cape of Good 
Hope. The order contains 24 known genera, and 260 species. It 
has been divided into two tribes: — 1. Enonymeae, with capsular fruit. 
2. El£eodendrea3, with drupaceous fruit. Examples — Celastrus, Eu- 
onymus, Ela*.odendron. 

838. The plants of the order have subacrid properties, and th(^ 
seeds of some yield a usefiil oil. Some of the species of Celastrus, as 
C, venmaUis, are reckoned poisonous. The seeds of Euonymus, Spindle- 
tree, are surrounded by an aril, or rather ariUode, which is considered 
as a prolongation from the exostome (figs. 481, 482). In some of 
the species fiie capsules are crimson, and with, the bright scarlet aril- 
lodes, they present a very showy appearance when the fruit is ripe. 
The bark of Euonymus tingens fuinishes a yellow dye. The young 
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shoots of Evonymus em'opasus^ when charred, are used to form a parti- 
cular kind of drawing pencil ; its fruit and inner bark are said to be* 
purgative and emetic. 

839. Order 63. — J^iaphyicacece* the Bladder-nut Family. {Polypet 
Perigyn.) (Fig. 539.) Sepals 5, united at the biisc, coloured, imbri- 
cated in aestivation. Petals 5, alternate, mth an imbricated aestivation. 
Stamens 5, alternate vdth the petals. Disk large and urceolate. 
Ovary 2-8-celled, superior; o\T.iles usually ascending; styles 2-3, 
Cohering at the base. Fruit membranous or deshy, indehiseent or 
opening internally, often partly abortive. Seeds anatropal, roundish, 
truncate at the hilura, with a bony testa ; albumen generally 0 ; 
embryo straight, with thick cotyledons and a small inferior radicle. — 
Shrubs, with opposite, pinnate leaves, ha\dng stipules and stipels 
(IT 161). By many authors they are included under the last 

The plants are irregularly scattered oven* the globe?, imd are found in 
Europe, America, and Asia. Some of them appear to be subacrid, 
while others are bitter and astringent. The species of Staphylea receive 
the name of Bladder-nut, on account of their inJJatod bladder-like 
pericarp. Tliey are cultivated as handsome shrubs. I'hree known 
genera are enumerated, and 14 species. Example — Staphylea. 

840. Order 64. — Rhauiiuicefe, the Buckthorn Family {Polypet 
P&rigyn^ Calyx 4-5-cleft, valvatc in jestivation. Petals distinct, 
hooded or convolute, inserted into the throat of’ the calyx, sometimes 
0. Stamens definite, opposite the petals. Disk large, fleshy, flat or 
urceolate. Ovary superior or half superior, 2-3 or 4-cellcd ; oArnhis 
solitary, erect, anatropal. Fruit fleshy and indehisc(;ut, or dry and 
separating into three parts. Seeds erect ; albumen fleshy, rarely 0 ; 
embryo about as long as the seed, with a short inferior radicile, and 
large flat cotyledons. — Trees or shrubs, often spiny, with simple, alter- 
nate, rarely opposite leaves, and minute stipules. They are generally 
distributed over the globe, and arc found both in temperate and tropi- 
cal regions. There are 42 genera, and 2.50 species enumerated. 
Examples — Rhamnus, Ceanothus, Phylica, Pomaderiis. 

841. !Many of the plants of the order have active cathartic proper- 
ties. Some, however, yield edible fruit, and others are tonic and 
febrifugal. Rhamnus cathartiens^ conmnrn or purging Buckthorn, is a 
European shrub, the black succulent fruits or berries of which are 
used as a hydragogue cathartic in cases of dropsy. The greenisli 
jidce becomes gradually red by the formation of acetic acid in it. It 
may be preserved unchanged in the form of syrup. When mixed 
with lime and evaporated to dryness, it forms the colour called sap- 
green. The fruit of Rhamnus Frangula, Black Alder, is emetic and 
purgative. The berries of Rlumnus infectorius^ as well as those of other 
species, arc known by the name of Fi^nch berries. They have been 
used for dyeing ^yeflow. The fimit of many species of Zizyphm is 
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used for food ; Zizyphus Jvjuha supplies the fruit called Jujube ; and 
the Lotus, or Lote-hush of the classics, whence the Lotophagi were 
named, is Zizyphm Lotus, A kind of Sciiide lac is found on Zizyphus 
Jujuha, Paliurus aculeatus^ Christ’s-thorn, is common in the hedges 
of Judaek Ceamthus Am&ncanus is used in America as an astringent, 
and its leaves, under the name of New Jersey Tea, have been used 
as a substitute for Tea. The leaves of Segeretia thmzans are used for 
the same purpose by the poorer classes in China. 

842. Order G5. — ^Auacordiacciis, the Cashew-nut Family. {Polypet, 
Pevigyn,) Flowers usually unisexual Calyx usually small and per- 
sistent, with 5, or sometimes 3-4-7 divisions. Petals equal in number 
to the calycine di\dsions, perigynous, sometimes 0; imbricated in 
aestivation. Stamens cither equfd to the petals in number and alter- 
nate ^ith them, or twice as many or more; filaments distinct or 
cohering at the base, usually perigynous. Disk fleshy, annular or 
cup-shaped, sometimes inconspicuous. Ovary single, rai'cly 6 or (], 
free or adliering to the calyx, 1-cclled ; ovide solitary, attached by a 
funiculus to the bottom, or along the side of tin* cell ; styles 1-3, 
occasionally 4 ; stigmas 1-3 or 4. Fruit usually drupaceous and 
indehiscent. Seed ascending or frequently pendulous, from the ad- 
herence of the funiculus to the angle of the cell, exal]')uminous ; 
radicle inferior or superior, sometimes curved suddeidy back ; cotyle- 
dons thick, ileshy, or leafy. — lYces or shnibs, with a resinous, often 
caustic juice, and alternate leaves without dots. The order is a sub- 
division of the Terebinthaceaj of Jussieu. The plants inhabit chiefly 
the tropical pjirts of America, Africa, and India ; some, however, are 
found in Europe. There arc 41 known genera, and 95 species. 
Examples — ^Anacardium, lihus, Mangifcra, Spondias. 

843. llic order is characterized by the presence of an acrid resinous 
juice. In some cases, however, the fruit of the plant is edible. Many 
of them supply varnislies. Aumeardium occixlmtah furnishes the 
Cashew-nut, which is remarkable for its large succulent peduncle sup- 
porting the fruit or nut (fig. 227). The pcricaip has the acrid pro- 
perties whicli pervade the order, while the seed is eatable. ITie 
fleshy j)oduncle is acid and edible, .and a bland gum exudes from the 
bark. PtsUmia vera is the Pistacia or Pistachio-nut tree, which ex- 
tends from Syria to Bokhara and Caubul, anci is cultivated in the south 
of Europe. It has green-coloured oily kernels, which are used as 
articles of diet. P. Terehinthus is a native of tlie southern part of 
Europe, and the northern p«art of Africa, and yields a liquid resinous 
exudation, known as Chian turpentine. The turpentine receives its 
name on account of being collected in the island of Chio or Scio, where 
the plant thrives. The tree attains a height of 30 or 35 feet, and one 
tree wiQ yield ten ounces of the liquid resinous matter, which tliickens 
on exposure to air, by the loss of volatile oil. Like other turpentines, 
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k has diuretic and excitant properties. Pistacia Lentlscm^ a mitive of 
the coasts and islands of the Mediterranean, furnishes the concrete 
resinous exudation called Iffastichc or Mastic. It is a bush of about 
10 or 12 feet in height, which is cultivated abundantly in the island 
6f Chios. Mastic is used as a masticatory for consolidating the gums 
and cleansing the teeth. It has Jilso been employed as an antispas- 
modic, and it enters into the composition of vaniishes. Jihus Toxico- 
dendron^ Poison -oaJe, is a shrub found in Canada and the United 
States, the leaves of which have been used as stimulants in cases of 
palsy. Like the other species of tliis genus, it yields an acrid milky 
juice, which becomes black on exposure to the air. RhiJis i^adicam^ 
Poison -ivy, or Poison-vine, is probably another name of the same 
species. Ithus venenata, Poison-sumach, or Poison-elder, has acrid, 
poisonous properties, and contact with it, in some instances, give|^se 
to inflammation of the skin. Cases are related of* persons who are 
peculiiirly liable to be thus affected, and in whom the irritation caused 
by the juice of the poisonous species of Rhus is very great, find (>ven 
alarming. Rhus corimia, R. typhina, and 7?. (jlahra are used for tan- 
ning, and their fruit is acid. Rhm Cotinits is called Aihre a permqae 
in iVance, on account of the hairy appearance presented by its abortive 
pedicels. Many of the plants in this order fiiniish Viirnishes and 
marking ink. Semecarpvs Anacardimn, commonly called the Mtirking- 
hut tree, supplies the Sylhet varnish, while Melanorrhaa nsitatissiirui 
furnishes that of Martaban. Stagnuiria vcrmciflua is the source of the 
hard black varnish called Japan Lacciuer. The leaves of many of the 
species of Schinus, as S, Molk, when brolSen and thrown on the sur- 
face of water, send out a resinous matter with great force, so as to cause 
a sort of spontaneous motion by the recoil. Although a resinous 
principle pervades the plants of this order, yet in some cases it is not 
developed in the fruit, which becomes eatable. Of this an illustration 
is furnished by the Mango, the jJI'oducc of Mangifera indica, 'Ihe 
Hog-plums of the West Indies arc furnished by vaiious species of 
Spondias, as S, jmrpnrea and Mombin, 

844. Order 66. — Amyridaccfc, the Amyris Family. {Polypet, 
Perigyn.) Flowers usually bisexual, sometimes unisexual by abortion. 
Calyx persistent, regular or nearly so, -^ith 2 to 5 divisions. Petals 
3-5, inserted lit , the base of tlie calyx; aestivation valvate or imbricated. 
Stamens twice oi; i$7iir times as many ^ the petals, perigynpus. Disk 
tsovering the base of the calyx often in a ring-like manner. Ovary 
superior, sessile 1-5-celled; ovules in pairs, anatropal, pendulous or 
suspended ; style 1 or ;none ; stigma simple or lobed, sometimes capi- 
tate. Fruit dry, 1-5-celled!, indehiscent, or its epicarp splitting into 
valves. Seeds solitary, exalbummous, with a superior radicle next 
the hilum, and cotyledons, which are fleshy or wrinkled. — ^Trees or 
shrubs, abounding in resin^ with opposite or alternate compound leaves, 
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which are frequently stipulate and dotted. They are natives of tropical 
regions. There are two suborders: — 1. Amyridese, with an unilocular 
ovary. 2. Burseresc, with a 2-5-celled bvary. Some look upon the 
stamens of Amyridese as truly hypogynous, and consider the order as 
allied to Aurantiaceee. Lindley gives 22 genera, and species. 
Examples — Amyris, Boswellia, Bursera, Balsainodendron. 

845. The plants yield a fragrant balsamic and resinous juice, which, 
in a dry state, is often used as frankincense, and is employed medici- 
nally as a stimulant or expectorant. Tlie resinous substance called 
Klemi seems to be obtained from one of the plants of this order. 
Liimaius referred it to Amyrk elernifcra^ under which name several 
species seem to be included. Home authors think that Idea Icicariha 
funiishes elemi in Brazil, wliilc Roylc refers a Mexican kind to Ela- 
phnfjLin elemtferum.; and other varioth^s, according to Christison, al•t^ 
probably thi* produce of Cananiim commmie and halsandjmnn. The 
resin contains a stimulant volatile oil. Boswellia serrata^ a large In- 
dian tree, supplies the gum'-rcsin called olibanum, or the true frankin- 
cense of* the ancients, the rt:!*? of the Scriptures. It cont-ains a vola- 
tile oil, and has been used as a stimulant, and as a material for fiimi- 
gati(ni. BaJmmmlendiOH {Protimaf) AfyiThay a shrub growing in 
Abyssinia, appeiirs to be the source of the officinal myrrh, the yro of 
the Bil.)lc. It is a bitter aromatic gum-resin, containing volatile oil, 
and was used in aTicient times as I'rankmcensc. It is a heating stimu- 
lant, and is employed medicinally as mi emmenagogue and diaihoretic, 
as well as for an'csting various mucous discharges. The resin called 
Bdellium is procured from v«arious species of Balsamodcndron, sls B. 
afrieanum and Boj'btnyha, Tlie celebrated balsam called Balm of 
(rilead, is :m exudation from Balsnmodendron gilmdmse. Tccamaliac 
is ])rocurtid from Elaphninn fomvntosmu. Various other balsams and 
resins are yielded by plants of this order. Amyris toxifera is said to 
be })oisonous. 

84(1 Ordei* 67. — Connamccfc, the Connarus Family. (Polypet. 
Penyyrt.) Flowers bisexual, rjuely unisexual. Calyx 5-partite, regu- 
lar, persistent; aistivation imbricate or vtdvatc. Petals 5, inserted at 
the ba^e of the calyx. Stamens twice as many as the pctjds, inserted 
with them, mid doubtfully b}q)ogynous ; filaments united at tlie base, 
i.lvary consisting of one or more separate <;arpels, each having a ter- 
iniiial style, rmd a dilated stigmn.; ovules in pairs, collateral^ ascending, 
orthoti’opal. Fruit fcdlicular, dehiscing along the ventnil suture, 
Heetls solitary or in pairs, erect, with or without all^uinen, sometimijs 
aril late ; embryo with a superior radicle, remote from the hilum, and 
cotyledons, which are either flashy or leafy. — ^Ti*ees or shrubs, with 
compound, alternate, exsupulate leaves, which are not dotted. They 
are tropical plants, some of which have febrifuge properties. Ompha- 
lohiam Lamh&i'ti is sriid to furnish Zebra-wood. This order, as well a 
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the orders Anacardiaceae and AmyridacesB, are by many considered 
truly hypogynous, and as belonging to llialamiilorse. Lindley includes 
them ill lus Eutal alliance. He notices 5 genera, and 41 species. 
Examples — Connarus, Omphalobium, Cnestis. 

847. Order 68. — i/e^aminoiKe (Fabacea3 of Lindley), the Pea and 
Bean Tribe. {Poh/pet Perigyn,) CaJ}^ 5-partite, toothed, or cleft 
(figs. 593, 594 c c% with the odd segment anterior (IT 357) ; seg- 
ments often tmcqual and variously combined. Petals 5 (figs. 593, 
594), or by abortion 4, 3, 2, 1, or 0, inserted into the base of the 
cal 3 rx, sometimes equal, but usually unequal, often papilionaceous^ 
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with the odd petfil superior (fig. 594 e). Stamens definite or indefinite, 
usually perigynous, distinct, or monadelphous or diadeJphous (fig. 


Figs. 593-597. — Organs of fmctlficution of Latlij'rus odorutus, Sw'cct-nca, a papilionaceous 
flower, shoAving the stnicturc, of the natural i)rrter JiCgiuninosse. 

Fig. 593,— Diagram of tlie flower, sliowiiig 5 divisions of the. Cftlyx, 5 pt'tals, consisting of 
parts forming the cariiia, 2 aloa, and the vexillinn, wliieli is supeiior, lO stamens in 2 roAvs, dia- 
delphous; ovary 1-celled, formed hy a single cariicl; one of the ovules shown Avitli its funiculus 
attache<l to the* ventral suture. 

Fig. 594.— Longitudinal section of the flOAA'er of LathynLS odoratiis. c r, Calyx, with 5 seg- 
ments. c, N’^ej^iim or stanrlard, heing the superior or xwsterior odd x>etal. One of tiie ala?, 
»r vrings. <; «, Due half of the curina, or keel. ^ I’uhc of the staunens, the filaments heing united 
n tw’O bundles, or diadelplious. o, Ovar>' laid ojkmi, shoAving the. ovules attached to the placenta, 
m tlic v(;ntral or iLX)per suture, **, Stigma at the apex of the style Avhich is eontinuous with the 
ventral sutun:. 

Hg. 595.— Fruit, a Legume or P(kI, opening hy two vulvcis, and dehiscing by the ventral and 
dorsal suture. Seeds attached on each side of Oie A’^entral suture, curved upon themselves, having 
a marked hilum and funiculus (po(losi>enn or lunhilical cord). 

Fig. 596.— A seed separated. /, I'oiiiculus. c, Cholaza united to the funiculus hy the raphe, 
m, Micropyle or foramen. 

Fig. 597.— Embryo, whicli occupies the entire wjcd after the STicrmoderm is removed, r Twe 
cotyledons separated; they are fleshy and hypogcul, i.e. remain under ground during germina^ 
tion. gr, Gcmmule or plumule, r, Hadicle. 
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r)04 Jf), or rarely triadelphous ; anthers bilocular, versatile. Ovaiy 
superior, 1 -celled, consisting usually of a solit^ carpel (fig. 594 c), 
soinetiiues of 2-5 ; ovules 1 or many ; style simple, proceeding from 
the upper or ventral suture; stigma simple (fig. 594 s). Fruit a 
legume (figs. 440, 4G9, 595), or a drupe. Seeds solitfiry or several 
(fig. 595), sometimes aiiUate, often curved (fig. 596); embryo usually 
('xalbuminous, straight, or with the radicle bent upon the edges of the 
cotyledons (figs. 429, 516), which arc either epigeal or hypogeal(^ 629) 
in germination (fig. 597), and leafy (Phylloloba3) or fleshy (Sarcolobie). 
— IIcrbaco(.)us plants, shrubs, or trees, with alternate, usually com- 
])ound leaves, liaving two stipules at the base of the petiole (fig. 193), 
and two at tlu* l)ase of each leaflet in the pinnate leaves. Pedicels 
usually articulated. The flowers are frequently papilionaceous (fig. 
292), and the Imit is commonly leguminous (figs. 460, 169, 470, 471). 
and by the ])res(*nce of one or olhcT of these characters the order 
may be recognized. 

848. Tlie ])lants of tlui order are very generally distributed over the 
globe, but many genera. ju*e very limited in their range. De Candolle 
gives the following geograj')hical distribution of tlie 3600 species known 
in his day: — 


E<j iiinoo t ial A rnorica, 605 

pMsin of* the Meditermnenn, 468 

East Indies, 452 

Cape of Good Hope, 353 

Lcviiiit, 250 

New Holland, 229 

West Indies, 221 

ETiroi)C, excepting the Mediterranean, 184 

United States, 183 

Mexico 152 

Equinoetial Afriea, 130 

Siberia, 129 

Arabia and Egypt, 87 

China, Japan, Cochin-China, 77 

Isles of Sontlaan Africa, 42 

South America, beyond the tropics, 29 

Canaries, 21 

South Scfi Islands, 13 


It i.s ‘^aid that no native species occur in the island of St. Helena. 

Tlie order has been divided into three suborders: — 1. Papilionace®; 
papilionaceous flowers, pcta.ls imbricated in aistivation, and upjier 
oiu. exteiior. This suborder is subdivided into the tribes Podaly- 
riea 3 , Loteac, Vicioje, Hedysaroae, Phaseoleae, Dalbergieae, Sophoreas ; 
according to the nature of the filaments, whether free or variously 
imited, the form and dehiscence of tlie legume, the cotyledons whether 
fleshy or leafy, and the simple or compound nature of the leaves. 
Examples — ^Podalyrki, Lotus, Cytisus, Pisum, Ilcdysanun, Phaseolus, 
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Dalbar^ 2, CaBsalpimeae; flowers irregular but not papilionaceous, 
petals spreading, imbricated in aestivation, upper one interior. Exam- 
ples — ^Hflematoxylon, Cajsalpinia, Cassia, Swiirtzia, Aniherstia,Bauhinia, 
Oopaifera, and Ceratonia. 3. Mimosese; flowers regular, petals val- 
vate in eestivation. Examples — ^Parkia, Mimosa, Acacia. 

The number of known genera at the present day, according to 
Lindley, is 467, comprehending 6500 s]>ccies. Tlie following is the 
estimate of species m the different suborders and tribes, considered in 
reference to the flora of the globe and the flora of Britain (Bentham 
and llenslow) : — 


Suborders. 

Tribes. 

Species. 

Hritisb Spccic.s. 


f 1. Podalyrieai, 

350 

0 


1 2. Lotea*> with) 


48> 


1 Videa'.,...f 


23 

1. Papilioiiacca).... 

... ^ 3. Hedysareie, 

500 

4 


1 4. Phaseolete, 

650 

0 


1 5. Dalbergicap, 

250 

0 


G- Sojihorc;e, 

.50 

0 

2. Cajsalpuiieiu,.... 


700 

0 

3. Mimosese, 


1000 

0 


6500 75 

849. This is a very extensive and a very important natural ordei 
It embraces many valuable medicinal plants, such as thos('. yieJdiiiJ 
Senna, Gxun-arabic, Tragacanth, Catechu, and Kino ; important dyef 
as Indigo and Logwood ; many valuable timber trees, as Locust-trc' 
and Kosewood; plants furnishing nutritious food, such as the Bea 
and Pea. The properties of the order may be considered in generr 
tis whohisome, although it contains some poisonous plants. J^indlej 
however, says that the order must be considered upon the whoJe^ ; 
poisonous, and that the plants used for food are cxcej)tioiis. 

850. Suborder FapilionacecB, The plants in this section have frt 

quently bcjautiful showy flowers; for example, Lahunmi, 

Wisteria^ Lupmus, Clkmtlms^ EryHirmi^ or Coral-llower, Hooea. Hk 
are often nutritious. Tlui various kinds of Clover, Beans, Pea 
and Pulse belong to it. The common red Clover is T7''^olmm jn'otens 
White or Dutch (Clover (T. rq)ens) springs up frequently on grour 
recently cleared. Tlie Shamrock is genenilly considered as a species 
Trefoil. Various species of Medick and Lucerne (Medicago^ fig. 471), 
Saintfoin (Onobri/cMs)^ and Melilot {MelilofAis), are cultivated as fo( 
for cattle. Many are used for their medicinal (jualities. Glgcyrrhi 
gkdjra^ or Lujuiritia ojficmilis, is the plant which yields liquorice-ro( 
This plant is a native of the southern i)art of Europe, and it has be- 
occasionally cultivated with success in Britain, especially at Pontefr? 
in Yorkshire, and at Mitcham in Surrey, An extract is prepared fre 
tlijb root or underground stem by decoction in water, and subseque 
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inspissation. It owes its sweetness to a peculiar principle called Glycion, 
or Glycyrrhizin, whicb appears also to be present in the root and 
Icjaves of other papilionaceous plants, as Glycyrrhiza echinata and 
ylandulifera^ Tri folium alpinum and Ahncs precatorius. Liquorice is 
used medicinally as a demulcent. A sweet secretion (a kind of Manna) 
is produced hj Alhayi 3faurorum. Astragalus verusy creticus, aristatusy 
gunimifevy and other species, yield an exudation known by the name 
of Gum Tragacanth. A, vet^us seems to be the chief source of the 
European tragacanth. It is a shrub found in Asia Minor and Persia, 
and the gum is procured by exudation or incision. Tragacanth forms 
with (jold water a bulky jelly, while it Ls soluble in boiling water. It 
contains both Arabin and Bassorin in its composition, and is used as a 
<lemul(^ent. Myrospermumy or Myroxylonperuifeimmy yields the Balsam 
of J^eru, while Myrospermumy or Myroxylon tuluiferuru^ Ls the source of 
tile Bidsam of Tolu, lliese balsams are procured chiefly by making 
incisions in the trees, lliey consist of resinous and oily matter, with 
cinnamic acid, and they are used as stimulant expectorants. Ptm-ocarpus 
Marsujnimiy a tree of the Indian forests, furnishes the concrete exuda- 
tion called Kino. Bntea frondosay or the Dhak tree of the East Indies, 
jnelds a similar product, and African Kino is procured from Fterocaipm 
t’riuaceus. Kino is used as a powerful astringent, and is administered 
in the form of powder and tincture. Broom-tops, procured from 
Cytfsus (Sarothamnus) ScopariuSy arc used as a diuretic. ^Jlie hairs from 
t.he legumes of Miwnna pruriens in the West Indies, and of M» pruritn 
in the East, under the name of Cowhage, or Cowitch, have irritat- 
ing properties, and, mixed with syrup, they arc used in the treat- 
ment of intestinal worms. Tlic leaves of Colatea arhm'escmsy Bladder- 
Senna (fig. 470), are purgative, and are used abroad to adulterate the 
ohovate or bluiii-iiointed Senna. Tlie leaves of Tephrosia apollmea 
:mi also purgative, and ai'e occasionally mixed with Alexandrian 
Senna. The bark of* Andira mermisy the Cabbage-tree of the West 
Judies, acts as a purgative and anthelmintic. Ilie fruit of Geoffroya 
mpp.rhay Umari, is much used by the inliabitants of Bimil on the 
hanks of the liio San Francisco ; the fiuit is a drupe. 

Besides the plants which have active medicinal qualities, there are 
others which are valuable in commerce and the arts, as furnishing 
food, dyes, fibres, timber. Various species of Indigoferay as I. tinctoria 
and ccBTuleay furnish the Indigo of commerce. Pisrocatpus santalinus 
yi<‘lds red Sandal- wood, which is used as a dye. P. Draco yields 
um-Dragon, and P, Dalhergioides is said to yield Andaman redwood, 
and to be valuable both as a dye and as timber. Baptisia tinctotna 
gives a blue dye, and is the Wild Indigo of the United States. Dal- 
bmgia Sissoo is an Indian forest free, which is valued on account of its 
wood, Crotalaria juncea supplies fibres, which are known as Sun or 
Bengal Hemp. The fragrant seeds of Dipterix odorata are known as 

2 j> 
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Toaka-beans. A similar fragrance is given out by soine «pecies of 
Mefilot, the flowers and seeds of which are employed t6 give the 
peculiar odour to Gruyere cheese. Arcuihk hypogcea produces its 
legumes under ground, and receives the name of under-gromid Kidney- 
bean, or Ground-nut. Erytfirma rmnospmna }delds Gum lac. Thc^ 
roots of Glycim Apio.% or Apios tuherosa^ are used as an article of 
food in America. Rohinia pseitdo-acaxiia is often cultivated in llritain 
as the Locust-tree. The tree attains in England a height varying 
from forty-five to eighty feet, and sometimes has a diameter of three 
feet. Its wood is durable. According to P>ertoloni, a kind of Ebony 
is the produce of Fomasinia ehmifera^ a papilionaceous plant, found 
in Calfraria, near Mozambique. Itosevvood is said to be the timber 
of two or three species of Tnoptoloyma. It is rai'e to find papiliona- 
ceous plants produce double flowers. Tlie Wliin is one of the phmts 
which exhibits this monstrosity. Des:niodium or Hedysanm gyram 
exhibits a remarkable irritability in its leaves (•[[ 6C0). Ther(i ai*f 
(certain poisonous plants in this suborder. Tlic seeds and bark of 
Cytmis Laburnum are narcotic; such is said also to bo tin* cast* 
with those of Latliyrm Cicera^ and L. Aphaca, The roots of many 
species of Phascolufi^ as P. multiflorm^ the Scarlet-runner, and P, 
mdiatus^ are poisonous. The branches and heaves of Tephrosia io,ri- 
caria^ and the bark of the root of Piscidia erythrmu^ Jamaicja Dogwood, 
are employed as fish poisons. A species of Gompholobitvm has poisoned 
sheep in the Swan liivcr colony. Coronilla varki acts as a, nm'cotic 
poison. The leaves of it and of Coronilla Emerus are sometimes used 
to adulterate Senna. 

851. Suborder Cmalpinkm, In this section there arc many plants 
which furnish purgative remedies. Among these niay be noticed 
various species of Cassia, C. lanceolatay acutifulia, eloHfjnta, ohtusatu, 
and obovata, supply the various kinds of Seima known as Alexandrian or 
Egyptian, Tripoli, and East Indian Senna. Other sj)t‘<iios iilso, as Cassia 
marilafidica, Absus, corynibosa^ biflora^ iomentosa,, (data,, and Portumjalis,, 
have purgative leaves. Cassia P\stnli(^ calh^d also CatharUjcarpns 
Fistula^ has an indehiscent pod, divided by nmnerous traiisvers(^ 
phragmata (fig. 395), and containing a laxative pul[), which is a secre- 
tion from the endocarp. A pulp having similfu* pi*oj)erties is procui‘(id 
from the pericarp of Ta'inarindus indica^ the Tamaiind-tree. The pod 
of Ceratorda. Siligua is known as the Algjiroba-bean, and is used occa- 
sionally for feeding horses. The tree is denominated Oarob-tree, and 
sometimes Locust-tree, or St. John’s Bread, from a tradition that tin; 
pulpy matter surrounding the seeds supplied food to St. John in the 
wilderness. Ihe pods of Hymmosa Ciyuibaril^ the West Indian Locust- 
tree, supply a nutritious matter ; its inner bark is {inthelmintic, and 
the plant yields a kind of resin called Anime. The bark of Guilandimt 
Bovlduc^ the Nicker-tree, is bitter, tonic, and its seeds arc said to be 
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ouietixy. *l'he ciirved pods of Ccesalpinia coriaria^ under the name of Divi- 
divi, af’e used for tanning. CcBsalpinia hntRiliensis yields the Brazil-wood 
of coinracrce, and the Mora- wood of Guiana is yielded by a large tree 
called Mora cxcelsu. Many dyes arc tiirnished by the plants of this 
.suborder. Hamuitox^lon campeacManmn gives Logwood or Cam- 
])eacliy-wood, which is employed both iis a dye and as an astringent. 
'J’he inner wood is the part employed botli in the arts and oliicinally. 
The alburnum is of a yellowisli colour, and is not imported. The red 
colouring princii)le is lIa3matoxylm. Cassalpmia eclnnata furnishe>s 
Pernanibuco-wood ; C. sajpan^ Sappan-wood, tJic Wukkuin or Bukkuni- 
wood of 8ciud(i; Bapliia nitlda^ Camwood. Various species of Copai- 
frra^ as C. Jncquinn^ LanffsHorJ/i^ bigvg(f, multiguga^ Martii^ Guia- 
rien.d.% coriacc/u &c., furnish the Balsam of Coj)ai\’’a, of which two 
kinds ari‘. distinguished — the West Indian and Brazilian, The balsam 
contains a rcisin and volatile oil. It is used in medicine as a stimulant, 
catliarlic and diuretic, and is especially imployed in the treatment 
of mucous inliaminations. Gmia (Jhamfrarista^ iminlandica,, and nicti- 
all (‘xhibit, according to Broinfield, a high degree of irritability; 
the leall('ts close together almo.st {is soon {is gathered, and even when 
rudely handled or brushed by the feet in walking through the herbage. 

852. 8ul>order Mioiosew. Tlie pl,*ints of this section yield gum in 
largo <|uantity, and their bark is freipiently astringent. Acacia 
Khreuherg'd^ tortUk^ Segal,, andnea, vera, gmwnferay Adamojm^ Verel\ 
albifbr, and various other species, yield the gummy substances known 
as Gum Arabic, (Jum Senegal, Barbary Gum, and East Indian Gum. 
A kind of gum procured at the Cape of Good Hope from Acacia 
Karroos iiud in New Holland, A. dccurrens yields another variety. 
A variety of Indian gum procured Irom A, (frabica^ is called Babul, 
<jr V>al) 0 ()l-Gum ; Ihibiil-wood is used for tanning in Scindc. Tliese 
minis are all more or Jess nutritive and demulcent, .and are adminis- 
tered in the form of mucilage, emulsion, or lozenges. The Wattles 
of Australia are species of Acaria, which fiiruish astringent balks. An 
extract madi' from them has been imported for the imrjioso of tanning. 
Th(^. inner wood of A cacia Catechu,, an Indian shrub, furnishes a kind 
of Catechu, or Cutcli, which coiitmns much tannin, and is used lor tan- 
ning, {ind as a poweriul astringent. Some of the New Holland Acacias 
are reiuiirkfible lor the peculiar de.velopmeut of the petiole, which 
assinues the form of aphyliodium (fig. 188 p). The largo seeds of Entada 
sc 'miens ai*c sometimes carried by the winds and tides from the W^est 
1> lilies, to the shores of the outer Hebrides. Some say that a sj^ecies 

JJcsmnut/ius is the source of the celhilar substance called Rice-paper; 
others refer it to the genus JEschgnoimm. Some of the plants in tliis 
subordi.T display peculiar irritability iu their jiinnatc leaves. This is 
Iiarticularly the case with Mimosa setmtivu and pudica, which are 
euimnonly called sensitive plants (T 6511). Almost aU of the pinnate- 
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leaved plm dose their leaves in a marked way during 

'darknejBS. ' ''••.'.v'!;. 

858, Order 68^]M;oriBgfuseie« the Moringa F^ily. {Polypet. 
Perig^,) Calyx 5-partite ; jestivation ^ghtly imbricated, PetsJs 5, 
rather unequal, upper one ascending. Stamens 8 or 10, perigynous ; 
Moments slightly petaloid, callous, and hairy at the base; anthers 
simple, 1-celled, with a thick convex connective. Disk lining the; 
tube of the calyx. Ovary superior, stipitate, 1-celled ; ovules anatro- 
pal, attached to parietd placentas; style filiform; stigma simple. 
Fruit a pod-like capsule, 1-celled, 3-valved, opening by loculicidfjl 
dehiscence. Seeds numerous, half buried in the spongy substance oi‘ 
the valves, sometimes winged, exalbuminous ; embryo with a. superior, 
straight, small radicle, and fleshy cotyledons. — TVees, with bi- or tri- 
pinnate, stipulate leaves, natives of the Etist Lidies and Arabia Scum* 
of them are pungent and aromatic. The seeds of Morin ffti pteryyv- 
fspen)ia, Horse-radish tree, are winged, and are called Bon-nuts. From 
them is procured a fluid oil, used by watchmakers, and called Oil ot 
Ben. The root is pungent and stimulant, and resembles Horse-radish 
in its taste. Lindley places this order in liis Viola! allianbe. He men- 
tions 1 genus, and 4 species. Kxmaple — ^Moringa . 

854. Order 70. — Rowisete, the liosc Family. (Polt/pet. Periffyn.) 
(Figs. 226, 235, 236, 276, 289, 385, 598). Calyx 4-5-lobed‘ (fig. 
599 c c), the fifth lobe superior. Petals as many as the divisions ol' 
the calyx, often 5 (fig. 599 p e), sometimes wanting, perigynous, 
generally regular; sestivation quincuncial (fig, 598). Stamens insertetl 
with the petals (fig. 599 e), definite or indefinite ; likiments iiiciu-ved 
in aestivation; anthers bilocular (fig. 600) dehiscing longitudinally 
(fig. 322). Ovaries superior, either solitaiy or several, unilocular 
(fig. 601), sometimes uniting so as to form a maTiy-ceUed ])istil: 
ovrdes 1, 2, or more, anatrop^ suspended (figs. 373 <y, 601 </), rarely 
erect; styles lateral (figs, 400, 601, 603); stigmas usually simple. 
Fruit either achsenia (fig. 270) or drupes (figs. 373, 602), or follicles 
or pomes (fig. 472). Seeds erect or inverted, usually exalbuminous; 
embryo straight, with the radicle next the hilum (figs, 603, 605), and 
leafy or fleshy cotyledons (figs. 501, 604). — Herbaceous plants, or 
shrubs, or trees, with simple or compoimd, altoiuate, stipulate leaves 
(fig. 191), and the flowers sometimes unisexual. They are found 
chiefly in the cold and temperate climates of the northern hemisphere. 
Some are found on high mountains within the tropics, and a few occur 
in warm j*egions. 

The order has been divided into the following suborders: — 1. 
'^hiysobalanese, petals and stamens more or less irregular; ovaiy 
ipitate, its stalk adhering on ^ne side to the calyx, style basilar 
Ig. 401), fruit a 1-2-celled drupe. 2. Amygdalcie (Drupaceaj ol* 
bdley), tube of calyx lined with a disk, styles terminal, fruit a drupe 
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(figs. 308, 371-373). 3. SpirseeaB, calyx-tube herbaceous, lined mth a 
disk, fruit consisting of numerous follicles, seeds apterous. 4. Quillaie®, 
flowers imisexuaJ, calyx-tube herbaceous, fruit capsular, seeds winged 
at the apex. 5. Sanguisorbeaa, petals 0, tube of calyx thickened aTid 



indurated, lined with a disk, stamens definite, nut solitaiyj enclosed in 
the calyeine tube. C. Pontentilleaj, caJyx-tube herbaceous, lined with 
a disk which sometiiries becomes fieshy, fruit consisting of numerous 
acha^nia. 7. Iloseaj, calyx-tube contracted at the mouth, becoming 
fleshy, lined with a disk, and covering numerous hairy achasnia (figs. 
270, 289). 8. Pomeas (Pomacea3 of Lindley), tube of Calyx more or 

less globose, ovary fleshy and juicy, lined with a thin disk, fruit a 1-5- 
celled (fig. 472) or spuriously 10-celled pomum. There are 82 known 
genera, and aboiit 1000 species. ExampUs — Chrysobalauus, Amyg- 

Fijrs. 598-60.').— Organs of fructification of Bubus strigosus, illustrating the natural order 
Uusacoio. 

Fig. S98.— Diagi’am of the flower, with 5 diyisions of the calyx, 5 quincuncial petals, indefinite 
perigjiious stamens, and nmnerous succuleiit cai’pels. 

Fig. 599. — The flower cut vertically, c c. Calyx. Petals, e, Stamens, Disk, lining 
th». base of the calyx, upon wliich the staiUens are inserted. Pistil composed of several 
carpels. 

Hg. 600.— llil ocular anther separated with theupi)er part of the filament, seen on the outside. 

Fig. 601. -Ovary, o, cut vertically. </, Exalbumluous, suspended seed, s. Lateral style. 

Fig. 602. — ^Fruit /, Fleshy carpels accompanied with the persistent calyx, r, connected with 
which tlie %vitliercd flJaments are seen. 

Fig. 60;i.- • Vertical section of a carpel, s, Lateral style, m, Fleshy inesocarp or sarcocarp. 
c, Endocarp. Seed. 

Fig. 604. —Horizontal section of the exalbuminous seed, t, Integument (sfiermoderm;. c, Co- 
tyledons of the embryo. 

Fig 605.—Embryo isolated It fills tlic entire seed. 
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dalus, Prunus, Spirgea, Quillaia, Sanguisorba, Potentilla, Eubiis, 
Pragaria, Rosa, Pyrus. 

855. ilany of the plants of the order jdeld edible fruits, such as 
Raspberries, Strawberries, Brambles, Plums, Apples, Pears, Quinces, 
Cherries, -Mmonds, Peaches, Nectarines, and Apricots. Some arc* 
astringent, others yield hydrocyanic acid. Tliose belonging to the 
suborder Chrifsohalamw^ are principally natives of the fropical parts 
of Africa and America. Many of them furnish edible fruits. The 
drupes of Chrysohalanvs Icaco^ are eaten in the West Indies under 
the name of Cocoa-plums. The root and bai‘k are used as astringents. 

The plants in the suborder Amygdalecv^ are chiefly remarkabh* on 
account of the presence of hydrocyanic acid in their kernels, leaves, or 
flowers. Amygdalm communis^ tlie Almond- tree, grows natitrally in 
Barbary and in Asia, from 8yria to AlFghanistan. It is extensively 
cultivated in the south of Europe, lliere are two varieties of tlie 
tree, — a. dulds^ yielding the sweet Almond, and /0. amara^ yielding 
the bitter Almond. In the former, the style is much longer than tlie 
stamens, and there are glands on the base of the leaf; while in th(‘ 
latter, the style is equal in length to the stamens, and the glands are 
situated on the petioles. Tlie chief kinds of sweet Almonds are the 
Yalcntia, the Italian, and the Jordan Almonds; the latter come from 
Malaga. Under the name of Shell Almonds, they arc often sold \rith 
the brittle cndocarijs on them. They consist chemically of a bland 
fixed oil, and a kind of vegetable albumen called Emulsin or Synap- 
tase. Bitter Almonds are imported from Mogadore. Besides a fixed 
oil and synaptase, they contain a bitter azotised principle called Amyg- 
dalin, which, when brought into contact with a solution of Emulsin, 
produces a volatile oil, containing hydrocyanic acid, lliis gives rise 
to the peculiar aroma of bitter Almonds, when mixed with water, 
riweet Almonds arc used medicinally, in tlie form of (mulsion, as 
demulcents. Tlie hydrocyanated essential oil of bitter Almonds is 
sedative, and has been used us a substitute for Prussic acid. They 
sometimes produce derangement of the digestive functions, and give, 
rise to nettle-rash. The leaves of A 7/iggdci/m /?erswa {Persica imlgaris 
of some), the Peach, contain a similar oil, and have been employed as 
sedative and vermifuge. The flowers of the Peiwh exliale the odour 
of bitter Almonds. Peaches are divided into Freestone and Cling- 
stone, according as the pulp (sarcocarp) separates easily from the 
endocarp or adheres to it. The fruit of Prunus domostka^ the Plum- 
tree and its varieties, when dried, constitute Prunes, which are used 
medicinally, on account of their nutritive and laxative qualities. The 
leaves of Prunm or Cerasus Laurocerasus^ Cherry Laurd, or common 
Bay Laurel, have been -used medicinally, as anodyne and hypnotic; 
remedies. Tlie water distilled from them has poisonous properties, 
owing to the presence of a hydrocyanated oil, which seems to be 
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developed in a similar manner as in the case of bitter Almonds. Tlie 
oil exists in largest quantity in the young leaves. Prumis Lxmtmica 
is the Portugal Laurel, which is extensively cultivated in Britain as an 
t wcrgrecn. The leaves of P'mnm spinosa^ the Sloe, have been used 
as a substitute for, as well as an adulteration of Tea. The fruit of a 
variety of CerasiLs avhm^ the Cherry, is used in the manufacture ol‘ 
K.irschenwas.<er. ''Fhe kernel of Cenmis occidentalis is used for flavour- 
ing Noyau. The flavour of liatafia. Cherry-brandy, and Maraschino, 
are due to the kernels of Certmis. 

The suborder Pomeo! suj^plies many edible fruits, as Apples, Pears, 
Medlars (fig. 472), and Quinces. 'Flie seeds, and occasionfdly the 
flowers and bark of sonic, yield hydrocyanic acid. All the cultivated 
varieties of Apple are derived by grafting from the native species, 
P^nis A/alm; wdiilc IViars have their origin in P;t/rus commmiis. Tin* 
seeds of Cf/doniti vulgaris (Pgrm Og(hnia\ the Quince, when boiled in 
Avater, yield a mucilaginous decoction, which has been used as a 
domuJeent. Malic acid is ibund in some of the fruits of this suborder. 
Knuhotrga Japonica yields the Ixiquat, a Japan fruit. 

llie other suborders contain plants wliich are distinguished by 
astringent and tonic q utilities. Geum urhanwn and rivale (Avens) have 
been employed as tonics and astringents, as also the root of Potmtilla 
Tonumtilla ('rormcaitil). 'ihe A^mieties ol’ Scotch Roses are derived 
frorij Jlosa spinosmiuta, TJie fruit of Rosa canina^ the Dog-rose, which 
consists of the ('iilarged fleshy etilyx enclosing numerous achoenia (fig. 
270), is beat into a pulp with sugju*, and used as an acidulous refri- 
geraiil and astnngent. Tin*, petals of Rosa gallica, lied, French, 
mid Provins ltoS(‘, arc employed in the form of infusion, as a tonic and 
slightly Jistringent remedy. The pettds of Rosa centifoUa^ the Hun- 
dr(Ml-leaved or (Cabbage-rose (fig, 88), and its varieties, R, damasemay 
Damask-rose, R. nmschuta^ Musk-rose, &c,, are (‘mployed in the pre- 
paration of liose-watcr, and of the oil or attar of lioses. It is stated 
l)y Dr. (Cliristisfrti, that 100,000 roses, the produce of 10,000 bushes 
of Rosa dammema, yield at Ghazeepore only 180 grains of attar. 
Ihe bark of many species of Quillaiaj as Q. saponaria, are used as a 
substitute for soap. 

856. Order 73. — Calrranthacerc, the Calycantlius Family. {Polypet 
l^eiigyn.) Sepals and Petals confoimded, indefinite, combined in a 
tiesliy tube; a*stivation imbricated. Stamens oo, perigynous; anthers 
odnate, extrorse, with longitudinal dehiscence. Ovaries several, 1- 
'^ellcd, adhering to the tube of the calyx; ovules solitary or two, one 
above the other, anatropal; style terminal. Fruit consisting of achaenia, 
enclosed in tlie fleshy tube of the calyx. Seed exalbuminous; embryo 
straight; cotyledons convolute; radicle inferior. — Shrubs, with squa^^e 
stems, consisting of a central woody mass, with four smaller ones 
around (^f 90); leaves opposite, simple, scabrous, exstipulate. They 
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are natives of North America and Japan. Their flowers are aromatic, 
the bark of some is used as a carminative. Calycanthus Jloridvs is 
called Carolina or common American Allspice. The order includes 
2 ^nera, and 6 species. Examples — Calycanthus, Chimonanthus. 

867. Order 72. — liythraceie, the Loosestrife Family. {Polypet, 
Perigyn,) Calyx tubular, lobed, the lobes sometimes with intermediate 
lobes or teeth; aestivation valvate. Petals alternate with the primary 
lobes of the calyx, very deciduous, sometimes 0. Stamens inserted 
into the tube of the calyx a little below the petals, equal in number to 
them, or two, three, or four times as many; anthers adnate, dithecal, 
inti’orse, with longitudinal dehiscence. Ovary superior, 2-6-celled ; 
ovules numerous, anatropal; style filiform; stigma usually capitate. 
Fruit a dehiscent membranous cajjsule, surrounded by the calyx but 
not adherent to it, sometimes 1 -celled by the obliteration of the dis- 
sepiments, Seeds numerous, small, apterous, or winged, exalbuminous, 
attached to a central placenta; embryo straight; cotyledons flat and 
foliaoeous; radicle next the hilum. — ^Herbs and shrubs, with branches 
which are usually tetragonal, and with opposite, nirely alternate, entire, 
exstipulate leaves without glands. Tliey are natives of Europe, North 
and South America, and India. The order is divided into two sub- 
orders: — 1. Lythress, with apterous (wingless) seeds. 2. Lager- 
stromicjE, with winged seeds. Lindley gives 35 genera, including 30(> 
species. Examples — ^Lythrum, Cuphea, Lagerstrumia. 

858. Many of the plants of the order are distinguished by astringent 
properties, and some are used for dyeing. Lythrum Salicariny Puqdc^ 
Loosestrife, or Willowstrife, a European plant, found also in Australia, 
has been used in cases of diarrhoea, on account of the tannin in its 
composition. The Henna, or Alhenna of the Arabs, which is used in 
Egypt for dyeing orange, is tlie product of Lawsojiia ineimis. Tin* 
Cupheas are remarkable for the inode in which the placenta bursts 
through the ovary and floral envelopes, so as to expose the seeds. 

859. Order 73. — Rhizophoraceie, the Mangrove Family. {Polypet. 
Epigyn,) Calyx adherent, 4-12-lobed; aestivation valvate, or some- 
times calyptriform. Petals arising from the calyx, alternate with the 
lobes, and equal to them in number. Stamens inserted with the 
petals, twice or thrice their number; filaments distinct, subulate; 
anthers erect. Ovary 2-3-4-celled; ovules 2 or more in each cell, 
anatropal. Frmt indehiscent, adherent to the caljrs, and crowned by 
it, unilocular, monospermous. Seed solitary, pendulous, exalbuminous ; 
cotyledons flat; radicle long, piercing the fimit. — Trees or shrubs, with 
simple opposite leaves, and deciduous inteq)Ctiolary stipules. They 
are found on the muddy shores of the tropics. There are 5 genera, 
and 20 species, known. Examples — ^Rhizophora, Kandelia. 

860. The plants of the order have frequently an astringent bark, 
which is in some cases used for dyeing black. Phizophora Mangle, the 
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Mangrove, forms thickets at the muddy mouths of rivers in tropical 
countries, and sends out adventitious roots which often raise the main 
trunk much above its original level, and give the tree the appearance 
of being supported upon stalks. The fruit is sweet and eatable. The 
embryo germinates before the fruit falls, and the radicle is much elon- 
gated before the seed drops into the mud. The anther consists of 
numerous cells containing pollen. 

8G1. Order 74. — VochTtimcete* the Vochysia Family. {Polypet 
PeiigynJ) Sepals 4-5, united at the base, unequal, the upper one 
largest and spurred; a3stivation imbricated. Petals 1, 2, 3, or 5, 
alternate with the divisons of the calyx, and inserted into its base, 
unequal. Stamens 1-5, opposite to, or altc^mate with the petals, 
perigynous, one having an ovate, fertile, 4-celled anther, the rest 
1 )eing sterile. Ovary free, or partially adherent to the calyx, 3-celled ; 
ovules solitary or in pairs, riu*eJy numerous, amphitropal or anatropal ; 
style and stigma one. hYiiit a triquetrous, 3-celled and 3-valved 
capsule, usiudly witli loculicidal dehiscence. Seeds usually 1 -2 in each 
cell, elect, exalbumiiious, attached to a central placenta; embryo 
straight; cotyledons large and leafy; radicle short and superior. — 
IVees or shrubs, with opposite, entire, stipulate leaves. They inhabit 
the warmer parts of America. Their properties are little known. 
There are 8 genera enumerated, including 51 species. Examples — 
Vochysia, Qualea. 

862. Order 75. — Combretnctfte, the Myrobalan Family. (Polypet 
Epigyn,) Calyx 4-5-lobed, lobes deciduous. Petals arising from the 
orifice of tlie calyx, alternate with the lobes, or wanting. Stamens 
epigyrious, twice as many as the lobes of the calyx, rarely equal in 
number, or thrice as many ; filaments distinct, subulate ; anthers di- 
thocal, dehiscing longitudinally or by recurved valves. Ovary adherent 
to the tube of the calyx, unilocular ; ovules 2-4, pendulous ; style 1 ; 
stigma shnple. Fruit succulent or nut-like, inferior, unilocular, inde- 
hiscent, often vinged. Seed solitary, pendulous, exalbuminous ; 
cotyledons leafy, usually convolute, sometimes plicate ; radicle turned 
towards the hilum. — ^Trees or shrubs, with alternate or opposite exsti- 
pulate, entire leaves. They are natives of the tropical regions of Asia, 
Africa, and America. Tlic general property of the order is astringency. 
Many are used for tanning, and some for dyeing. The fruit of 
minalia BeUrica^ and of 1\ Chehula^ under the name of Myrobalans, 
is used as an astringent. The seeds of Temiinalia G<xtappa are eaten 
like almonds. The order has been divided into three suborders : — 
1. Terminaliege, petals 0, cotyledons convolute. 2. Combreteaj, petals 
present, cotyledons plicate. 3. Gyrocarpece, petals 0, cotyledons con- 
volute, anthers dehiscing by recurved valves. There, are 22 genera 
enumerated by Lindley, including 200 species. Examples^Termi-- 
nalia, Combretmn, Gyrocarpus. 
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Perig: ot Epigyn*) Calyx with 4, 6, or 6 divisions, which are more or 
less deep, or are sometimes united and separate from the tube like a 
lid. Petals equal to the segments of the calyx, perigynous, aestivation 
twisted. Stamens equal in number to the petals and alternate with 
them, usually with intermediate sterile ones ; filaments curved down- 
wards m t\ie young state-, anthers long, ohen heaVed, "VnVoeuVar, 
dehiscing by two terminal pores or longitudinally. Ovary more or 
less adherent to the calyx, multilocular ; ovules usually 00 ; styJ(* 1 ; 
stigma simple, either capitate or minute. Fruit multilocular, either 
<?apsular, with loculicidal dcliisceiicc, or succulent, combined with tin* 
calyx and indehiscent. Seeds oo , minute, attached to central pla- 
c.eiitas, exalbuminous ; embryo, straight or curved ; cotyledons some- 
times unequal, flat, or convolute. — ^"Frees, shrubs, or herbs, with 
opposite, undivided, usually entire, often 3 -9 -ribbed leaves, not dotted. 
They are found chiefly in wann climates. Many are natives of 
America and India. There arc no unwholesome plants in the order, 
and the succidcnt fruit of several is edible. A slight degree of astrin- 
gency pervades all the plants of the order, and hence some are used 
medicinally in cases of diarrhoea. The name Melastoma black, 

and ftrufAtt, mouth), is derived from the circumstance that the fruit ol* 
some dyes the lips black. There are two suborders: — 1. Melastomca*, 
with ribbed leaves and flat cotyledons. 2. Memecyleaj, with ribless 
leaves and convolute cotyledons. Lindlcy notices 118 genera, com- 
prising 1200 species. Examples — ^ISIelastoma, Osbeekia, Lasiandra, 
Khexia, Lavoisiera, Miconia, Charianthus, Memccylon, Mouriria. 

864. Order 77. — Aiau§riaccfc. tlie Alangium Family. [Pohipet. 
Epigyn.) Calyx campanulate, adherent, 5-10-tootlied. Petals 5-10, 
linear, reflcxed, inserted into a fleshy disk, which is adherent to th(* 
calyx, and ovary ; aestivation twisted. Stamens long, exserted, 2 or 4 
times as many as the' petals ; filaments distinct, villous at the base ; 
anthers bilocular, adnate, introrsc, often sterile. Ovary globose, uni- 
bilocular ; ovules solitary, aiiatropal ; style filiform ; stigma capitate 
or conical. Fruit oval, fleshy, coherent witli the tube of the calyx, 
and somewhat crowned by its limb, slightly ribbed ; endocarp some- 
times osseous, with a foramen at the apex. Seed solitary, anatropal ; 
albumen fleshy, brittle ; embryo straight ; cotyledons flat, foliaceous ; 
radicle long, superior. — ^TVecs or shrubs, with alternate, exstipulate 
heaves, which are not dotted. They are found chiefly in India, some 
are natives of America ; some of the plants yield edible fruits, others 
are purgative. Lindlcy enumerates 3 genera, comprehending 8 species. 
Examples — ^Alangium, Nyssa. 

865. Order. 78. — Pbiiadeiphacece, the Syringa Family. [Pobjpet, 
Epigyn^ Calyk with a 4-10-divided, persistent limb. Petals alter- 
nate with the divisions of the calyx, and equal to them in number ; 
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festivation convolute, imbricate. Stamens oo. (rarely 10), in oUe or 
two rows, arising from the orifice of the calyx. Ovary adherent to 
the tube of the cJilyx ; styles distinct, or united into one ; stigmas 
I- 10 ; ovules oo , attached to a central placenta. Fruit a 4-10'-celled 
capsule, free above. Seeds oo , scobiform, subulate, smooth, pendulous, 
with a hose membranous nrillns ; albumen fleshy ; embryo straight, 
alioul as long as the aXlnvinen*, coVyledons frat*, radicle next the. hihim, 
obtuse. — Sijmbs with deciduous, opj^osite, exstipulate leaves without 
dots; flowers usually in trichotomous cymes. They arc natives of 
the South of Europe, of North America, Japan, and India. They have' 
no marked properties. The flowers ol* PhUadelpltus coronamis^ Syringa, 
liave a peculiar sweetish odour, which to some persons is overpowering 
and disagreeable. The smell is due to the j)res(ince of an oil. Dmtzia 
ficnhra has a semriy matter on its leaves, which, under the microscope, 
is seen to consist of beautiful stellate* luurs. There are 3 genera enu- 
merated, including 25 species. Krmnples — ^Pliiladelphus, Deutria, 

I locuinaria. 

HdO. (.)rder 79. — nmyrtawie^ the Myrtle Family. {PohjpeU Epigyn.) 
Oalyx, 4-r)-t)-8-clell, the linib sumelimes cohering at the apex, and 
fidling ofi' like a lid ; a)Stivation valvate. Pet«ds attached to the calyx, 
alternating udth its segments, and (V[ual to them in number, with a 
•juincuncial jeslivalioii, rarely 0, Stamens inserted with the petals, 
twieii as many as the petals, or oo ; filaments distinct, or united in one 
f)r Tnore. parcels, curved inwards in the bud; anthers ovate, dithecal, 
with longitudinal dehiscence. Ovaiy adherent to the tube of the. 
(;a.lyx, 1-G-celled; style and stigma simple; oaoiIi's anatropal, pendu- 
lous or ere*ct. Fruit dry or fleshy, dehiscent or indehiscent. Seeds 
usually 00 , attached to a ccutral placenta; mostly exalbuminous ; 
(■nibryo straight or curved; cotyledons distinct (fig. 514), or consoli- 
dated with the radicle, which is next the liilum. — ^Trees or shrubs, 
witli oj^posite, rarely altcmatc len-ves, which are usually entire and 
dotted, and frequently liave an intramargiruxl vein. Tliey are natives 
ehiolly of warm countries, as South America and the East Indies. 
Many, however, are found in more temperate regions. Some of the 
genera are pccuhar to Australia. The order has been divided into 
the following suborders: — 1. C'hamaila.uciefe, lieath-likc plants with a 
1 -celled ovary and capsule, and opposite dotted leaves. 2. Lepto- 
sperc]C£e, having a lunltilocukir capsule, and opposite or alternate, usually 
do:*ed leaves. 3. Myrteai, liaving a baccate fruit, distinct stamens, 
‘>pposite dotted leaves. 4. Barringtonicjc, having a fleshy 1 -celled 
liaiit, monadelphous stamens, albuminous seeds, opposite or verticiUate 
leaves, not dotted. 5. Lecythideie, having a mnJtilocular woody cap * 
sule, whicli either remains closed or opens by a lid, monadelphous 
stamens, alternate, not dotted leaves. Several of tliese suborders are 
made separate orders by Lindleyand others. There are 77 known genera, 
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and upwards of 1400 species. Examples — Chamrolaucmm, Calytrix, 
Leptospennum, Melaleuca, Metrosideros, Eucalyptus, Myrtus, Psidium, 
Eugenia, Caryophyllus, Barrmgtorda, Gustavia, Lec 3 k:his, Bertholletia. 

867. Many of the plants of the order yield an aromatic volatile oil. 
This is particularly the case with those having pellucid dots in their 
leaves. Many yield edible fruits, others furnish astringent and saccha- 
rine substances. The leaves of some species of Leptospemimn and 
Melaleuca are used as tea in Australia. The leaves of Melaleuca viinoi- 
{Cajupuii of some), a native of the Moluccas, yield the volatile oil of* 
Cajeput. It is a very hquid oil, of a grass-grcc;n colour, having a 
pungent camphoraceous odour, tmd capable of dissolving caoutchouc. 
It is used medicinally as a stimulant and antispasmodic. Species of 
Eucahfpiiis constitute the gigantic gum-trees of Australia, some of 
which attain a heiglit of two hundred feet. They are remarkable f<.>r 
their operculate c^yx, which may be considered as formed by several 
jointed leaves (like those of the orange), united throughout, and separ- 
ating at the articulation in the form of a lid (T 366). ^Ihcir bark also 
separates remarkably in layers. They yield an astringent matter, which 
has been used for tanning. Eucalyptus resinifera, Brown Gum-tree of 
New Holland, furnishes Botany-Bay Kino, an astringent resinous-like 
substance, whicli exu^ in the form of red juice from incisions in the 
bark. A single tree WiU yield sixty gallons. E. mannifera gives a sac- 
charine exudation resembling manna. A saccharine substance, mixed 
with cellular hairs, which arise from a cup-hke body, has been sent 
to this country ]3y Mr. Cay, found upon the leaves of E, dtmma. 
It is called Layiup by the natives, and is thought by Mr. Ne^vport 
to be the produce of an insect of the tribe Coccidre, The wood of 
many species of Metrosideros is liard and dark-coloured, llie flower- 
buds of Caripphyllus aromatiem {Eugenia cnryophylUita)^ a tree which 
was originally a native of the Moluccas, but is now cultivated in tho 
East and West Indies, constitute the Cloves of commerce. Tliey have 
the form of a nail, and, when examined, are seen to consist of the tubu- 
lar calyx with a roundish projection formed by the unopened petals. 
They contain a volatile oil, associated with resinous, gummy, and 
astringent matter. The oU is aromatic and acrid, and has been used 
as a condiment and a stimulant carminative. Pimento, Allspice, or 
Jamaica Pepper, is the berried fhiit of Eugenia Pirnmta {Myrtus 
Pimmta\ a tree which is a native of the West Indies and Mexico. 
The fhiit has an aromatic odour, and its taste combines that of cinna- 
mon, nutmeg, and cloves; hence the name Allspice. It contains 
an acrid voktUe oil, to which its properties are due. Medicinally, 
Pimento is sometimes employed as a stimulant and carminative. The 
fruit of Eugema acris is used for Pimento, Among the pulpy edible 
fruits of the order may be noticed Guavas and Rose-apples. The 
former are the produce of various species of Psidium^ such as P. pyri~ 
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ferum^pcmifer^ and CaUleyanum; the latter are procured from species 
of Eugenia^ as E» Jamhos^ and Malaccmsis. The berries of the com- 
mon Myrtle {Myrim cmmmnis) arc also used as food. Punica Orana-- 
turn, the Pomegranate-tree, is a native of the warmer parts of Asia and 
Northern Africa, whence it was introduced into Eurofe. It is the 
of Scripture. It produces dark scarlet flowers, formerly called Balaustia, 
which have been used as an astringent. The fruit of the Pomegranate 
has given rise to much difference of opinion among botanists. It is 
composed, in the young state, of two rows of carpels, some of which are 
placed round tlie axis, and adhering to the bottom of tlie caJycine 
tube, wliile others are placed outside, and adhere to the ui)per part of 
the tube. The subsequent contraction of the tube of the calyx, and 
the peculiar adliesion of the placentas, according to Lindley, account 
for the anomaly in the fruit (Balausta, % 550). The rind of the fruit 
(malicoiium), and the bark of the root, are used as anthelmintics, 
especially in cases of tape-worm. Lecythis ollaria, a large Brazilian 
tree, yields the woody capsules called Monkey-ppts, which open by 
circumscissilc deliiscence. These seed-vessels to be formed in 
the same way as the calyx of Eucalyptus, thgpgpart where tlie lid 
separates indicating tlie articulations of the dlt cUarv leaves. The 
^eeds are eatable, and are ixjlislied by monke 3 MB^''he bjirk of the tree 
jiiay be separated into numei'ous tliin layers. "Wmtholktia excelsa is the 
source of the Brazil nuts. 

8G8. Order 80. — Onai^raccrc, the Evening-Primrose Family. {Poly- 
pet. Eptgyn.) Calyx tubular, the limb having usually 4 (fig; 399 /), 
.sometimes 2, 3, or G divisions (fig. 531), which cohere in various 
ways; icstivation vaJvate. Petals usually equal in niuuber to the 
oalycinc segments, regular (rarely irregular), inserted into the tube of 
the calyx (fig. 399 testivation twisted. Stamens usually 4 or 8 
(rarely 1 or 2, fig. 531), epigymous (fig. 399 e); filaments distinct; 
pollen triangular, usually cohering by threads. Ovary 2-4-ceUed 
(figs. 384, 531), adherent ' (fig. 399 o), usually with an epigynous 
disk; style filiform; stigma capitate (fig, 399 s) or 4-lobed; ovules 
(ligs. 384 o, 399 g) indefinite, rarely definite, anatropal. Fruit succu- 
lent or capsular, dehiscent or irideliLscent, 1-2-4-ceIled. Seeds usually 
00 , exalbuminous; embryo straight, with a long slender radicle point- 
ing to the hilum, and short cotyledons. — Herbs or shrubs, with alter- 
nate or opposite, simple, not dotted leaves, and witli the parts of the 
fic wer usually tetramerous. They inliabit cliiefly temperate regions, 
arid are found abundantly in Europe, Asia, and America, and sparingly 
in Africa. Some yield edible fruits, as Fuchsia.^ others furnish edible 
roots, as (Enotkera himnis. Many of them have mucilaginous proper- 
ties, while a few are astringent. Trapa has unequal cotyledons. T. 

Water Chestnut, and T. hicomiSy remarkable for its homed 
frmt, both supply edible seeds. There are about 30 knowm genera. 
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and Towards of 460 species. Examples — (Enothera, Epilolnuni, Jussiavi, 
Montinia, Fuchsia, Circsea, Gaura, Trapa. 

869. Order 81. — Halomaeacece, the AIai*e’s-tail Family. (Polt/pef. 
Epigyn,) Calyx with a minute limb, which is eitlier 3-4- divided or 
entire; it is sodfetinies reduced to a mere rim. Petals cpigynous or 
0. Stamens epigynous, ecpial in imiubcr to the petals, or twice as 
many, rarely fewer; when the petals are wanting, stamens often 1 or 
2. Ovary cohering with the tube of the calyx, with 1 or more ceils, 
sometimes tetragonal or compressed. Style 0, what is ire(picntly calhul 
the styles being the papulose stigmas, which are (qual in number to 
the cells; ovules pendulous, anatropal. Fruit dry, indehiscent, mem- 
branous or bony, with 1 or more cells. Seed solitary or in paii-s, 
pendulous; albumen llcshy or thin; embryo straight, or slightJy 
curved, in the axis of the albumen; cotyledons minute; radicle superior, 
long. — Herbs or undershrubs, often acpiatic, with large air cavities, 
having jdternate, opposite, or whorled leaves, and axillary, sessile 
flowers, which arc occasionally unisexual They are Ibund in ditches 
and lakes in various parts of the world. They liave no pi*operties ol' 
importance. There are 8 known genera, and about 70 species. Exain- 
pies — ^Hij^puris, Myiiophyllum, ILdoragis, Callitrichc. 

870. Order 82.-- 4||pfaaac€!fc, the Cliili-NtJttlc h^uiiily. {Poly pet. 

».) Calyx 4-Vparted, p(*rsislciit, spreading in {estivation. 

Petals 6, cucuUate, epigynous, alternate with the segments ol'the calyx, 
sometimes with an inner row of 6, which arci either sbnilar to the outer 
or dissimilar; asstivation irtflexed, vtdvate, or twisted. Stamens oo , in 
several rows, distinct, or polyadelphous, each parcel being op^wsite tlie. 
outer petals ; filaments sidmhite, unequal, the (niter ones often sterile^. 
Ovary inferior, 1 -celled, with parietal placentas; ovules {inalropal ; 
styles combined into 1 ; stigma 1 or several Fruit capsuhir or suc- 
culent, 1 -celled. Seeds without an arillus; embryo straight, in the 
axis of fleshy albimien; cotyledons small, flat; embryo pointing to tli(‘ 
liilum. — Herbaceous plants, hispid with stinging liairs, having o])pt) ■ 
site or alternate exstipulate leaves, and axillary 1-llow^ered peduncUis. 
They are American plants, chiefly distinguished for their stinging 
(pndities, tand hence the name of Chili-^^ettle. I^iere are 15 genera 
enumerated by Liiidley, including 70 specaes. Examples — Loasa, 
Mentzelia, Groriovia. 

871. Order 83. — Cncnrbitacece, tlie ChicimibcT Family. {Polyj)et or 

Monopet Ephjyn, and Dklines.) Calyx 6-to(Mhod (figs. 390 000 c), 

sometimes obsolete. Petals 6, distinct, or more or less united, sonu*- 
times scarcely distinguishable from tiie calyx, strongly marked witli 
reticjulated veins (figs. 39Gji>, 000/?), .sometimes fringed. Stamens o, 
distinct or united in oncj or three parcels, atbichcd to the petals (fig. 
006 «); anthers bilocular, sinuous (figs. 332, 007 </); ovary (iigs. 
390 0 , ()08 f o) adlicring to tlie tube of the calyx, l-c(?lled, formed l»y 
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:> carpels, and having 3 parietal placentas (fig. 609), which sometimes 
j)rojcct so as to join in the centre, the ovules remaining attached to 
the curved free edges; ovules solitary or indefinite (fig. 609), anatro- 
pal ; styles short ; stigmas very tliick, velvety or fringed (fig. 608 s). 
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Fruit a pepo (If 551). Seeds fiat and ovate (fig. GIO), eiivelojved in a 
juicy or dry and membranous covering; testa coriaceous; albumen 0; 
embryo straight (figs. 610 611); cotyledons leafy and veined; radicU' 

next the liilum. — ^Herbaceous plants, with succulent stems, climbing by 
iM(?ans of hitoral tendrils, wliich are transformed stipules; leaves al- 
ternate and palmate, covered with aspcidtics; fiowers generally unisex- 
ual. They are natives of warm climates chiefly, and abound in India. 
'Ihere are nearly 60 known genera, and about 300 species. Examples 
— Cucurbita, Ciieuniis, Momordica, Bryonia, Tellairia. 

872. A certain degree of acridity peivadcs the order, and many of 
the pJimts are drastic purgatives. In some cases, however, more 

C0({-Cn.— Orpuis of friictificntion of Ciicurbitacoa;. 

J flowiT of Ciu-iiiniM Hativus, (/oninioii Cucumber, laul open to show tJie interior 

of :t. r, S-Hivitliid calyx. /^, Uniteil petals, by some eonslilored as bciutf an intcnuil coloured 
calyx. Epiffy lous staiiu'.iis. 

1'" . t;07.-- Stamens separated. /, Filament. T.ong sinuous anther. 

Fij^. :().s. — Female flower, oo. Calyx julherent to the ovary, p. United petals, s. Thick vel- 
vety s1 . . 

Fig. fjuf).- -Horizontal section of the ovary, showini^ its division into three, by pi'ojections from 
the parietal iiJaeentax, to wliicli the indefluito ovules aiHi attacdied. 

Fi|f. KIO.-— Aiiatropal seed cut vertically, f, Spcniiodenn swollen at the ehalazo. c. Embryo. 

Fiif. t»H. — £nibryo'8ei)aratcd. r, Hadiclc. o, Cotyledons. 
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especially under cultivation, the fruits are eatable. Instances of edible 
fruits are seen in the case of* the Melon, Cucumber, Gourd, Piunpkin, 
Squash, and Vegetable Marrow. The genus OucuTtm contains the 
Melon and Cucumber, with edible fruits, and the Colocynth with purga- 
tive fruit. Much discussion has taken place in regard to the structure 
of the fruit in this genus, and in Cucurbitaces? in general. Some have 
considered it an anomaly in vegetable stnicture, from the apparent 
formation of the placenta and ventral suture externally, as if the usual 
position of the carpels were reversed. It would appear, however, as 
shown by lindlcy, that the placentas follow the ordiniuy law. They 
are parietal, and curve in a peculiar way, bearing the seeds on their 
curvature; at the same time prolongations are sent inwards, which 
often meet in the centre. Stocks and others consider the carpels as 
being involute, and they trace this involution particularly in Jjvffa 
pentandra. Cvmrais Coloa/nthis, or Citvmllus ColocijnthiSy yields a 
globular fhiit called Goloquintida, or Bitter Apple, the pulp of which 
constitutes the medicinal Coloc 3 aith. It is imported from the Levant 
and the coasts of the Mediterranean. It is used in the form of powder 
and extract as an irritant cathartic. The plant is supposed to be 
the nrpD, or Wild Gom*d of Scripture, Momordica Klaternm or Echa- 
Hum agreste^ the Wild or Squirting Cncumber, is so called on account 
of the force with which its seeds are expelled when ripe. The fruit, 
by a process of endosmose going on in the cells, becomes distended, 
and ultimately gives way at the weakest part, where the i)eduncle is 
united to it. In separating from the stolk, the elasticity of the parietes 
comes into play, so as to discharge the brown seeds and slimy juice 
through the aperture at the base of the fruit. Tlie fectdence wliich 
subsides from the juice constitutes the medicinal Klaterium, which is 
used in small doses of ^ ^ a grain, as a violent cathartic, especially 
in dropsical cases, active principle is Elaterin. The roots of 

Bryonia alba and dioica are also powerlul purgatives, llie fruit ol* 
various species of Gourd, as CucurbiUi Pepo, the White Gourd, and 
C, maxima, the Red Gourd, C. ovifera, tin*. Vegetable Mjirrow, are used 
as potherbs; while C. CitruUm, the Water Melon, is prized for its 
cool refreshing juice. The fruit of Lagenaria vulgaris, in consequence 
of having a hard outer covering, is used as a vessel for containing fluid, 
afrer the pulp and seeds are removed. It is hence called Bottle 
Gourd. The seeds of the plants in this order frequently supply a 
bland oil. The seeds of Telfairia pedata tire as large as Chestnuts, 
and are used as food. 

873. Order 84. — papayacete, the Papaw Family. {MompeU 
PolypeU Epigyn, and Diclines,) Calyx minute, 5-toothcd. Corolla 
monopetalous, inserted into the base of the calyx; in the male, tubular 
and 5-lobed; in the female, divided nearly to the base into 5 segments. 
In the section Pangiege the sepals and petals are distinct. Stamens 
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1 0, inserted into the throat of the corolla; anthers bhocular, introrse, 
innate, dehiscing longitudinally. Ovary free, 1-cdled; ovules inde- 
hnitc, attached to 5 parietal placentas; stigma 6-lobed, lacerated, 
h^uit usually succulent and indehiscent, sometimes capsular and dehis- 
cent, 1 -celled. Seeds oo , enveloped in a loose mucous coat, parietal ; 
si)ennoderin brittle, pitted; embryo in the axis of fleshy albumen; 
cotyledons flat ; radicle slender, turned towards the hilum. — ^Trees or 
shrubs, not branching, with alternate lobed leaves, supported on long 
slender petioles, .and with unisexual flowers. They are foimd in South 
America, .and in other warm countries. One of the most important 
])lants of tlic order is Canca Papaya^ the Papaw-tree, which yields an 
acrid milky juice, and an edible fiuit. The tree is said to have the 
property of rendering meat tender. The juice of the unripe fhiit and 
the seeds are said to act as anthelmintics. The order has been divided 
into three sections: — 1. Carice®, corolla monopetalous, fruit succulent 
and indehiscent. 2. Modecceae, corolla monopetalous, fruit capsular 
nnd dehiscent. 3. Pangie®, corolla pol 3 ^petalous. There are 1 1 known 
genera, including 29 sjiecics. Examples — Carica, Modecca, Pangium. 

874. Order 85. — the Belvisia Family. {Monopet 
Epigyn,') (Jalyx gamosepalous, persistent, limb divided into 5 thick 
ovate segments ; estivation valvate. Petals inserted in the tube of the 
<5alyx, united more or less, and forming 3 verticils, the innermost of 
which may be considered as an altered staminal row; the outer petal- 
ine verticil consists of 5 plaited lobes, cacli of wliich are T-toothed, 
and have 7 feathered ribs ; the second pet.nline verticil is cut into a 
nmnber of iiaiTow segments ; while the, tliird is an inconspicuous cup- 
like ring, with its C‘dge minutoly divided. Stamens oc , united at their 
biise so as to be monadelphous, or unc([ually polyadelphous; filaments 
cMirved inwards ; anthers dithecal, oblong. Ovary surrounded by a 
fleshy disk, and adherent to the tube of the calyx, 5-celled ; ovules 2 
in each cell, attached to a central placenta, nucleus curved ; style 5- 
atigled ; stigma liroad, flat, pentagonal. Fruit a large fleshy rounded 
bc-rry, crowned by the lobes of the calyx. Seeds large, kidney-shaped ; 
cotyledons plano-convex; radicle and plumule immersed in their sub- 
stance. — Shrubs, with jdternate, simple, coriaceous, exstipulate leaves ; 
and axillary flowers often in sets of three. They ai*e tropical, chiefly 
Africjin. Some of them are used as astringents. Their place in the 
natuj-.il system is not well determined ; some placing the order next 
Pa'^’siiJor.ace®, others near Symplocace®, and Lindley recognizing its 
aftiiiity to llhizophoracea;. There are 2 genera and 4 species. Exam- 

— Belvisia (Napoleona), Asteranthos. 

875. Order 86. — ^PMsifloracete, the Passion-flower Family. {Poly- 
pet Petigyn,) Sepals 5, combined below into a more or less elongated 
tube. Petals 5, perigynous, often with filamentous or annular pro- 
cesses on their inside, which apjiear to be an altered whorl or whorls 

2 £ 
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of. petiJs^ occasionally wanting, imbricated in aestivation. Stamens o, 
intoadelpbous, surroimding the gynophore when present, rarely oo , 
ttriiJEdiy mth processes from the thalamus, interposed between them 
and the petals; anthers dithecal, extrorse, versatile, dehiscing longi- 
tudinal; pollen-gi-ains sometimes bursting by opercula (fig. 354). 
Ovary 1-belled, often with a gynophore 437); ovules anatropal, oo ; 
styles 3; stigmas dilated. Fruit often stipitate, 1-celled, sometimes 
3-valved, opening by loculicidal dehiscence, or succulent and indehis- 
oent. Seeds oo , attached to parietal placentas, arillate, or strophiolate; 
spermoderm brittle and sculptured ; embryo straight in the midst ol' 
thin fleshy albumen ; radicle pointing to the hilum. — Herbs or shrubs, 
often climbing, with alternate, stipulate or exstipulate leaves. The 
order has been divided into three suborders: — 1. Paropsieae, plants 
not climbing, with a s(;ssile ovary, arillate seeds, and exstipulate leaves. 
2. Passifloreae, climbing plants with a stalked ovary, arillate seeds, 
stipulate leaves, and glandukr petioles. 3. Maleshcrbieae, plants not 
climbing, with a stalked ovary, style below the apex of the ovary, 
strophiolate seeds, and exstipulate leaves. Tliey are natives cliiefly oi* 
.warm climates, and are formd in America, the East and West Indies. 
There are 14 known genera, and 215 species. Examples — ^Paropsia, 
Smeathmannia, Passiflora, Tacsonia, Malesherbia. 

876. Considerable discussion has taken 1)1000 as to the true nature 
of the calyx and corolla in Passifloracese. Lindley supports the view 
here given. Others consider the calyx as consisting of t&i sepals in 
two rows, the inner more or less petaloicl, and they look on the petals as 
either wanting, or existing in the fonn of filamentous or annular pro- 
cesses. The name Passion-flower was given on account of a fimciecl 
resemblance in the flowers to the appearances presented at Calvary. 
In the five anthers the superstitious monks saw a resemblance to the 
wounds of Christ; in the triple style, the three nails on the cross; in the 
cciftral gynophore, the piUar of the cross; and in the filamentous pro- 
cesses, the rays of light round the Saviour, or the crown of thorns. 
Many of the plants, such as Pmsijhra (piadrnnffularis and edvlk\ 
Grenadillas, yield edible fruits, the pulp or succulent arillus being 
fragrant and cooling. Others are bitter and astringent, mad some arc 
said to be narcotic. 

877. Order 87. — TnrncrRccw, the Turnera Family. {Pol^pet. 
Pefig^n,) Calyx with 5 equal lobes ; aestivation imbricated. Petals 
5, perigynous, equal; asstivation twisted. Stamens 5, perigynous, 
alternating with the petals; filaments distinct; anthers dithecal, innate, 
oblong. Ovary free, 1-celled, with 3 parietal placentas ; ovules oo , 
anatropal ; styles more or less cohering, or forked ; stigmas raultifid. 
Fruit a 1 -celled, 3-valved capsule, dehiscing only half-way down, in a 
locuhddal manner. Seeds crustaceous, reticulated, arillate on one 
ride ; embryo slightly curved, in the midst of fleshy albumen ; cotyle- 
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(Ions plano-cpnvfex ; radicle pointing to tjie hilmn.. — ^Herbacepi^ 
somewhat shrubby plants, occasionally with stiellate pubescence, having > 
alternate, exstipulate leaves, and frequently two. gl^ds at the iipex of 
the petiole. They are natives of the West Indies and South America. ^ 
They are not put to any important use. Lindley gives 2 genera^, in- 
cluding 60 species. Emrrvpkfi — ^Tumera, Piriqueta. 

878. Order 88. — Formiacacc®, the Purslane Family. {Polypet. 
Perigyn.) Sepals 2, cohering at the base. Petals usually 5, rarely 
w^anting, distinct or cohering at the base, sometimes hypog 3 nious. 
Stamens usually perigynous, variable in number, aU fertile, sometimes 
opposite the petals; filaments distinct; anthers versatile, bilocular, 
with longitudmal dehiscence. Ovary free or partially adherent, 1- 
celled, formed by 3 united carpels; style single or 0; stigmas several 
Fruit capsular, 1 -celled, opening by circumscissilo dehiscence, or by 3 
viilves, occasionally monospermous andindehiscent. Seeds numerous or 
definite, or solitary, attached to a centrjil placenta ; albumen farina- 
ceous; embryo peripherical; radicle long. — Succulent shrubs or herbs, 
with alternate, seldom opposite, entire, exstipulate leaves, often having 
iijiirs in their axils. They arc found in various parts of the worldj 
chiefly, however, in South America and at tlie Gape of Good Hope. 
Tliey have a great affinity to Caryopliyllaceic, from which they are 
chiefly distinguished by their bisepalous calyx, perigynous stamens, 
and transversely dehiscent capsule. Lindley places this and the suc- 
ceeding order among hypogynous Exogens, next to Caryophyllacea}. 
Tlie plants belonging to the order have few properties of importance. 
They arc insipid and destitute of odour. Portul<ica oleracea^ common 
i^urshine, is used as a potherb. The tuberous roots of CktyUmia 
f>iherosa^ a Siberian plant, are eaten; and those oi MellocaiJJllwmsy 
fffherosa, a native of Peru, have been recommended as a substitute for 
the potato. There are 12 known genera, and 184 species. Examples 
— Portulaca, Tahiuun, Calandrinia, Claytonia, Montia. 

879. Order 89. — Faronychiacen;, the Kiiotwort Family. {Polypet 
Perigyn.) Sepals 4-5, distinct or cohering. Petals perigynous, be- 
tween the divisions of the calyx, usually inconspicuous, sometime^ 0., 
Stamens usually perigynous, sometimes hypogynous, opposite to the 
sepals when equ^ to them in number, some of them occasionally 
wanting ; filaments distinct, rarely united ; anthers bilocular. Ovary 
supoj-ior, with one or more ovules ; styles 2-3, distinct or combined. 
Fruit unilocular, either a utricle covered by the calyx, or a 3-valved 
capsule. Seeds either numerous, attached to a free central placenta, 
or solitary and pendulous from a long funiculus arising from the base 
of the finiit. Embryo more or less curved, lying on one side of the 
farinaceous albumen, or surrounding it. — ^Herbaceous or somewhat 
shrubby plants, with opposite or alternate, sometimes setaceous and 
clustered leaver which are either exstipulate or have scarious stipules. 
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Fotqid in baxren places in varions parts of Europe, Asia, and Nortli 
America. They have no kimwn properties of importance. The order 
has been divided into two. sections: — 1. Dlecebreae, with the embryo 
lyiptgjan one side of the albumen, and stipulate leaves. 2. Sderanthese, 
with a peripherical embryo, and exstipulate leaves. There are 28 
known genera, and nearly 120 species. Exampks — ^Paronychia, Ille~ 
cebrum, Polycarpon, Corrigiola, Scleranthus. 

880. Order 90.— OnuMniaoeM* the Houseleek Family (figs. 535, 
586). {Polypet Perigyn,) Sepals 8-20, more or less imited at the 
base (fig. 258 c c). Petab equal to tlie sepals in number, inserted in 
the bottom of the calyx (fig. 258 p p), either distinct or cohering in a 
gamcpetalous corolla. Stamens inserted with the petals, either equal 
to them in number, and alternate with them (fig. 258 e e), or twice as 
many, those opposite the petals being shortest ; sometimes one or two 
rows of abortive stamens; filaments distinct, or united, subulate: 
anthers bilocular, dehiscing longitudinally or transversely. Abortive 
stamens or scales (sometimes obsolete), at the base of each carj)cl (fig. 
258 a d). Carpels equal in number to the petals and opposite to them, 
1-celled (fig. 258 o o), sometimes consolidated ; styles several or com- 
bined ; stigmas pointed or 4-comered ; ovules 00, or definite, anatro- 
pal. Fruit consisting of several follicles, dehiscing by the ventrsU 
suture, sometimes by the dorsal suture. Seeds variable in number ; 
embryo straight, in the midst of fleshy albumen ; radicle pointing to 
the hllum. — Herbaceous plants or shrubs, often succulent, with simple, 
entire, or pinnatifid, exstipulate leaves. They are found in the driest 
situations, as on rocks, walls, and sandy plains, in various parts of the 
world. Some of them are acrid, as Sedum acre, Biting Btonecrop; 
Others are refrigerant, from the presence of an acid, such as malic acid. 
Sempervivum Uctorumis commonly known as the Houseleek. Bryopliylhmi 
caHycmum is remarkable for the property of producing germinating 
buds at the edges of its leaves (If 199). There are two suborders : — 
1. Semperviveae, with carpellary scales, numerous separate carpels in 
the pistiJL 2. Galacieae or Francoea?, without true scales, pistil con- 
solidated. There are 25 genera, and about 460 species. Examples 
— Crassula, Sempervivum, Cotyledon, Sedum, Penthorum, Galax, 
Francoa. 

881. Order 91. — ^Ficoldcie or ]fEe»embryaceie, the Ficoid or Mesem- 
bryanfhemum Family. {Polypet Perigyn,) Sepals definite, usually 
8, but varying from 4-8, more or less combined at the base, adherent 
to the ovary or distinct from it, equal or unequal ; [estivation valvatc* 
or imbricate. Petals indefinite, coloured, sometimes 0. Stamens 
perigynous, distinct, definite or indefinite; anthers oblong, incumbent. 
Ovaiy Usu^y many- ceiled; stigmas several, distinct; o^es 00, ana- 
tropal or amphitropal, attached by cords to the placenta, which is 
^ther central or parietal. Fruit a many-oellcd capsule, opening in 
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n, stellate or circumscissile manner at the apex, or an indehiscent nutl 
Seeds 00, rarely dednite or even solitary; embryo curved or spiral, 
on the outside of mealy albumen; radicle next the hilum. — Herbsuseous , 
or shrubby succulent plants, with opposite or alternate simple leaves. 
They are found in warm regions chiefly. The greater part of them 
grow at the Cape of Good Hope. The order has been divided into three 
sections: — 1. Mesembryea), numerous conspicuous petals, many celled 
capsule, with steEate dehiscence. 2. Tetragonieae, petals 0, firuit woody 
and indehiscent. 3. Sesuveaj, petals 0, capsule with circumscissEe de- 
liiscence. Tliere are IG known genera, and 440 sj)ecies. Eosamples — 
Mesembryantliemum, Tetragonia, Aizoon, Sesuvium. 

Some of them are used as articles of diet, as the leaves of Me- 
mnhrijanilimmim edule^ Hottentot’s Fig, and Tetragoma expanm^ New 
Zealand Spinach. Others yield soda, and have been employed in the 
Tiumufactiu’e of glass. Mesemh^ganiltemum ctgstallinum^ the Ice-plant, 
is remarkable for the watery vesicles which cover its surface, and which 
have the appefiraiice of pieces of ice. Tlie seed-vessels of some species 

MesemlrtfaiLtlienium^ as M, Ti'ipoUmn^ have the property of expand- 
ing in a star-like manner when put into water, and closing when dry. 
Tl)e flowers of many of the plants of the order exhibit the pheno- 
inonou of opening only under the influence of sunshine, and closing 
in dull weather (11 483). 

882. Order 92. — Cactaceie, the Cactus or Indian Fig Family. (Poly- 
pci. Epitjyn. ) Sepals numerous, usually oo , and confounded with the 
pe.fcals, adherent to the ovary. Petals munerous, usuaUy indeflnite, 
sometimes irregular, inserted at the orifice of the calyx. Stamens 
indeflnite, cohering more or less with the petals and sepals; filaments 
long, filiform; anthers ovate, versatEe. Ovary fleshy, inferior, unEo- 
cular; style filiform; stigmas numerous; ovules oo , attached to parietal 
placentas equid in number to the stigmas. Fruit succulent, 1-ceUed. 
Seeds oo , parietal, or, after losing their adhesion to the placenta, nest- 
ling in pulp, ovate or obovate; albumen 0; embryo straight, curved 
ur spiral; cotyledons thick, leafy, sometimes nearly obsolete; radicle 
thick, obtuse, next the hilum. — Succident shrubs, with peculi^ angu- 
lar or flattened stems, having the woody matter often arranged in 
wedges. Leaves usually absent; when present, fleshy, smooth, entire, 
or spinous. Flower sessEe, sometimes showy. They grow in hot, 
dry, and exposed places, and are natives chiefly of the tropical parts 
of America. Some grow rapidly on the lava in volcanic countries. 
Tiiere are IG known genera, and about 800 species. Examples-^ 
Opuntia, Melocactus, Mammillaria, Echinocactus, Cereus, Epiphyllum, 
Pereskia, Ehipsalis. 

883. The plants of this order are remarkable for their succulence,, 
for the great development of their ceUular tissue, and the anomalous 
forms of their stems, some of which attain a great size. In their strao- . 
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itu^.niuaerous spiral cells are met witih, arid in many cases the fibre in 
ihese' ceib is interrupted so as to present thickened rings united by 
nembrane. These rings, when the cells are macerated, can be ob- 
tained in a free state. Many of the plants in this order show a reraark- 
ible tendency to spiral development. The set©, spines, and hairs, are 
H)metimes arranged spirally, and in Cerms Jl^elliformis the cells of thc^ 
jetffi have this tendency. ' Many of them yield an edible fruit, whicli 
.8 sometimes refi*eshing and agreeable, at other times insipid. The 
init of Fereshia amleakt^ under the name of Barbadoes Gooseberry, is 
Jised in the West Indies as an article of diet. That of Ojnmtia imlgari^ 
s known under the name of Prickly Pear. The juice of the fruit of 
some species is subacid, and has sometimes been used as a refrigerant. 
Cattle sometimes feed on the succulent stems in dry seasons. ■ Home of 
the plants are noted as night-flowering {\ 484). Gereiis graridiflorm 
expands its large white blossoms about 10 p.m. in our hothouses, and 
iheir beauty lasts only for the night. Such is also the case with 
Cerefiis nyciicahm, A plant of the latter species, in the Glasgow Botanic 
jrarden, began to open its flowers between 7 and 8 p.m., and they were 
iilly opened at 10. The following were the numbers and sizes of the 
various parts: — 


Length of the tube of the calyx, 7 inches. 

Length of the petals, — 

Length of the style, ....lo" — 

, Breadth of flower when fully expanded, 11 — 

Number of long sepals, 75 

Number of short sepals, 20 

Number of petals 25 

Number of stamens 400 

Number of stigmas, ] 5 


Fhe size to which some of the Cactus family grow may be illustrated 
3 y a specimen of EcMmcmtm Viznaga^ imported into Kew gardens 
Torn the mountains of San Luis, Potosi: — 

Weight of the plant, 713 lbs. 

Height from surface of the earth, 4 ^ feet. 

Measured over the top from the ground on each side,... .10 feet 9 inches. 

Circumference at 1 foot from the ground, 8 feet 7 inches. 

Number of deep angles or cost® 44 

Number of spines, 8800 

In Brazil, sonjp epiphytic Cactuses are met with; and there are some 
^ecnes described by Gardner as attaining a height of thirty feet, with a 
circumference of three fek. Opuntia cochimllifera^ and other species, 
are infested by the Coccus Cacti, or the cochineal insect, which feeds 
upon Hmn. The plants are cultivated in what are called nopaleries, 
" for. the sake of the insect, the females of which, when dried, constitute 
iSe cochineal of commerce. 
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884. Order 93. — c^roMiiiaria«ete, the Croosebeny and Currant 
Family. (PolypeU Epigyri.) Calyx 4-5-cleft, regular, colored. Petals 
minute, perigynous, equal in number to the segments of the calyx, 
mid alternate with them. Stamens 4-6, alternate with the petals, and 
inserted into the throat of the calyx; filaments short; anthers dithecal. 
Ovary unilocular, adherent to the tube of the calyx; ovules x , anatro- 
pal, attached to two opposite parietal placentas; style single, 2-4-cleft. 
Fruit a 1 -celled berry, crowned with the remains of the flower. Seeds 
X , immersed in pulp, and attached to the placentas by long thread-, 
like funiculi; spermoderm gelatinous externally; albumen homy; 
embiyo straight, minute; radicle pointing to the hilum. — Shrubs, 
Avith alternate lobed leaves, having a plicate vernation. They are 
natives of temperate regions, and are found in Europe, Asia, and 
America. Many 3 rield edible fhiits, which sometimes contain malic 
acid. The various kiujjls of Gooseberry {Riles Grossulaiia\ and Cur- 
r«mt {Rihe.^ rubrum and viigrum) belong to this order. It contains 2 or 
3 genera, and nearly 100 species. EnmnpU — Ribes. 

885. Order 94. — ^azifragaccir, the Saxifrage Family. {PolypeL 
Periggn,) Calyx superior, or more or less inferior (fig, 397 <? c); sepals 
usually 5, more or less cohering at the base. Petals usually 5, peri- 
gynous, alternate with the lobes of the calyx (fig. 397 p p\ rardy 0. 
Stamens perigynous (fig. 397 (?), 5-10 or bo , in 1 or more rows; an- 
thers bilocular, with longitudinal or porous dehiscence. Disk often 
present, either' aimular or scaly. Ovaiy more or less completely united 
to the tube of the calyx, consisting usuaUy of two carpels, cohering by 
their lace (figs. 397, 398 e), but distinct and diverging at the apex ; 
styles as many as the carpels, distinct (fig. 398 i) or combined; stigmas 
capitate (tig, 398 s) or clavate. Placentas (fig, 398 p) marginal (basal 
or apicilar), rarely central. Fruit generally a 1-2-celled capsule, the - 
cells dehiscing at the ventral suture, and often divaricating when ripe. 
Seeds usually x, rarely definite; spennodenn often reticulated; em- 
bryo small, in the axis of fleshy albumen; radicle pointing to the 
liiium, — Shrubs or trees, or herbs, with alternate or opposite, usually 
exstipulate leaves. Tliey are generally natives of temperate climates, 
and some of them characterize alpine districts. The order has been 
divided into the following suborders: — 1, Escalloniese, petals and 
stamens 5; ovary inferior; style smiple; albumen oily; evergreen 
shrubs, with alternate, simple, exstipulate leaves, found in the temperate 
regions of South America, often at a great elevation. 2. CtmoniesB,; 
petals 4-5 or 0; stamens 8-10 or x ; ovary half inferior; styles 2, 
distinct or combined; trees or shrubs, with opposite leaves, having 
interpetiolary stipules; found in South America, the East Indies, 
south of Afirica, and Australasia. 3. Hydrangea, petals 4-6; stamens 
8-12 or X ; anthers sometimes biporose; ovaiy more or less iiaferior ; 
styles 2-5, usually distinct; shrubs with opposite, sometimes whoried. 



424 


BKTOIACE^ — HAMAMBIJBAOEiB— TMBFJXTFEByE. 

" e^tipolate leaves, and flowers, firequently cymose, with the exterior 
' ilowers ateri)^ and dilated; found chiefly in the temperate parts of Asia 
and .America. 4. Saxifiragese, petals 5 or 0; stamens 5-10; ovary 
more or less adherent; styles usually 2, and distinct; herbs, with 
^ alter:^te, usually exstipukte leaves, found in the mountainous regions 
of Europe, 'fee. Few of the plants are put to any use. Some of them 
are astringent, and used for tanning; others have bitter tonic proper- 
iie& In the entire order there are 57 known genera, and upwards 
of 900 species. Examples — ^Escallonia, Itea, Cunonia, Weinmannia, 

' Hydrangea, Bauera, Saxifiraga, Chrysosplenium, Heuchera. 

886. Order 95. — ^Brnnlaccfe, the Bronia Family. { PolypeL Epkjffn,) 
Calyx 5-clefl:; sestivation imbricated. Petals inserted in the throat of 
the calyx, and alternate with its segments. Stamens alternate with the 
petals, arising from them, or from a disk surrounding the ovary; an- 
thers introrse, 2-celled, with longitudinal dehiscence. Ovary usually 
adherent to the tube of tlie calyx, and 1-3-celled; ovules anatropal, 
suspended, 1 or 2 in each cell; style simple or bifid; stigmas 1-3. 
Fruit either bicoccous and 2-celled, or indehiscent and 1-ceUed, 
crowned by the persistent calyx. Seeds solitary or in pairs, suspended, 
sometimes with a short arillus; embryo minute, at the base of fleshy 
albumen; cotyledons short and fleshy; radicle conical, next the hUum. 
— ^Branched heath-like shrubs, with small, imbricated, rigid, and entire 
leaves, and small, often capitate flowers. They are natives principally 
of the Cape of Good Hope, and have no important properties. There 
are 15 known genera according to Bindley, and 65 species. Examples 
— Brunia, Staavia, Ophiria. 

887. Order 96. — ^Haniaiii«lldBc®ie,the Witch-hazel Family. {Poly- 
Epigyn,) Calyx 4-5-lobed or truncate. Petals 4-5 or 0, inserted 

oh the <^yx, alternating with the calycine segments. Stamens twice 
as many as the petals, in two rows, one of which alternates with the 
petals and is fertile, the other is opposite to them and sterile; anthers 
hilocular, introrsh. Ovary adherent, 2-celled; ovules solitary, or 
several (in Bucklandia and Sedgwickia), pendulous or suspended; styles 
2. Fruit a 2-ceIled, 2-valved capsule, opening by loctdicidal dehis- 
cence. Seeds pendulous; embryo straight, in the axis of fleshy albu- 
men; cotyledons leafy; radicle superior. — Bhrubs or small trees, with 
alternate, petiolate, feather-veined, and stipulate leaves, and . small 
axillary, bracteated, often unisexual flowers. They are found in various 
parts ,pf Asia, Aftica, and America. The seeds of HarmimUs virginica 
are used as food, while its leaves and bark are astringent and acrid. 
Bindley notices 10 genera, induding 15 species. Exempiles — ^Hama- 
melis, Fothergilla, Bucklandia. 

888. Oi^er 97. — Vmbeiiifene, the Umbelliferous Family (fl^. 612- 
; 6l6), Ap^pese of Bindley. {Pol^t Epigyn,) Calyx superior, 5- 
‘^jioolhed or entire. Petals 5, inserted on the outside of a fleshy" epi- 
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gynous disk, oftea "with indexed points {figs. 282, 618). Stamens a,, 
alternate with the petals, inenrved .in sBstkation (figs. 613, 614), 
Ovary inferior, 2-celled, crowned .with a double disk or stylopod {fig. 
614 ^ e); ovules splitaiy, pendulous; styles 2, distinct (fig. 454 s s); 
stigmas simple. Fruit (ngs. 615, 616) a cremocmrp {% 543), consist- 
ing of two achfenia (mericarps or hemicarps), which adhere by their 



face (commissure) to a common axis (carpophore), from which they 
separate, and are suspended when ripe (fig. 454 cj) ; each mericarp is 
traversed by five primary longitudin^ ridges (jug©), and often by four 
alternating secondary ones, the ridges being separated by channels 
(vaUecul©). In the substance of the pericarp riiere are frequently vitt© 
containing oil, which arc usually opposite the channels. Seeds pendulous 
(fig. 616 * 7 ), usually adherent to the pericarp, rarely loose; embryo 
minute, at the base of abundant homy albumen (fig. 616 «); radicle 
pointing to the hilum. — ^Herbaceous plants, often with liollow and fur- 
rowed stems, with alternate, rarely opposite, variously divided, sheath- 


K12-616.--0rgans of ftucttflcation of Daucas Carota, common Carrot, to illustrate tlie 
natai.J order UmbeUiferse. 

F1;r.. €12.— Diagram of the flower, with a 5-toothed calyx, 5 Infiexed petals, 5 stamens, and 
tniii formed by 2 carpels, with piimaiy and secondary ridges, vallecalse, commiasui'e, ana flat 
albumen. 

Fig. 618,— The flower viewed from above, showing the petals with inflexed points and 5 sta- 
mra& g €, ^igynons disk or stylopod. 

, Fig. 614w— Vertical section of the flower. Petals with Inflexed polnta e, Stamens, one 
>iic^ed at the apex, o, Ovary Ibimed by two carpels, adherent to the calyx throughout 
^ <Liid stigmaa g e. Epigynous disk or stylopod. 

Fig. <M5.>-Horizontiil section of the fruit (cremocarp) with bristly rldgea 
Fig. 616.— .Vertical section of the cremocarp. /, Pericarp. Seed. />, Flat periiq)erra. 
<>, Embryo. 
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ing leaves, (which eometiities assume the appearance of phyllodia), and 
with tobeUate, mvolucmte flowers (fig. 241). They are found chiefly 
in ttoi^c)rtheni parts of the northern hemisphere. In warm countries 
theyloocur at. high elevations. The order has been divided according 
to uie number and size of the pericarpial ridges, the presence or ab- 
sence of vittBB, and the form of the albumen. The following are the 
sever^ sections, which, however, are not considered altogether satis- 
factory: — 1. Orthospermae {q^06s, straight, and o’crcj/Bca, seed), albumen 
flat on the inner face, neither involute nor convolute. 2. Campy- 
lospermas inflected), albumen curved at the margins, so 

as to form a longitudinal furrow. 3. Ccelospermas (*o/>of, concave), 
albumen curved at the ends (from base to apex). Lindley enumer- 
ates 267 genera, including 1500 species. Examples — ^Hydrocotyle, 
Eryngium, Apiuni, Bupleurum, A5thusa, Angelica, Ileraclcum, 
Daucus, Myrrhis, Conium, Coriandrum. 

889; The properties of the plants of this order are various. Some 
yield articles of diet, others gum-resinous and oily substances, whik'. 
others are hig hly p oisonous. According to their qualities, the species 
liave been divided into — 1. Those which are harmless, and are used as 
e'^oulent vegetables. 2. Those producing a gum-resin, often having a 
fetid odour from the presence of a sulphur-oil, and which are used as 
antispasm odics and stimulants. 3. Those yielding a volatile oil, which 
renders them carminative and aromatic. 4. Those which lire ])oison- 
ous, in consequence of the presence of an acrid and narcotic juice. 

890. Among esculent species may be noticed — Dattcus Carota (Car- 
rot), PaMinma saliva (Parsnip), Apium graveolens (Celery), Famimdmi 
indgare (Fennel), Petroselmum sativum (Parsley), Anthriscm Cerefolium 
(Chervil), Sium /Swar?«?i(Skirret), and Archangelica officinalis (Angelica). 
Crithmum Tnaritimum is the Samphire, which grows abundantly on rocks 
near the sea, and is used as a pickle. The roots of Aixa/cacha esculmta^ 
a native of Grenada, have been recommended as a substitute for the 
potato. Tire tubers of Bunium Bulbocastanum and fleicaosum are eaten 
imder the name of Pig-nuts or Earth-nuts. Prangos pabularia^ a plant 
of Southern Tartary, is highly recommended as fodder for cattle. 

891. Many species yield milky juices, which concrete into a fetid 
gum-resin. Assafoetida is procured from the Ferula Assafwtida of Lin- 
naeus, which has recently been described by Dr. Falconer under the 
name of Narthex Assafoetida, The plant is found in Persia and AfFghan- 
istan, and seeds of it have been sent to this country by Dr. Falconer, 
-some of which have germinated in the Edinburgh Botanic Garden, 
and are now vigorous thriving plants of five years’ growth. The fruit 
of the plant is distinguished by divided and interrupted vittas, which 
form a network on tlie surface, and its leaves have a resemblmice to 
those of a Peecw, It would appear that Ferula persica^ a plant with 
Very much divided leaves, yields an inferior sort of assafcotida. The 
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iissafoitida is procured by taking successive slices off the top of the root, 
and collecting the milky juice which is allowed to concrete in masses. 
It consists of resinous and gummy matter, with a sulphur-oil similar 
to that of Garlic, which is probably its active ingredient. It is employed 
medicinally in substance or tinctiu’e, as a stimulant, antispasmodic, and 
anthelmintic. Ammonhic, another fetid gum-resin, is ihe produce of 
Dorma Amimniamm (probably l)mrmstm gummijerum of Jaubert 
and Spacli), a native of Persia. It contains resin, gum, and volatile 
oil, and is used medicinally as a stimulant, antispasmodic, and expecto- 
rant. Gall')anum, which seems to be the of Scripture, is pro- 
cured, in jiU probability, from Opmdia galhanifera of Lindlcy. There 
are doubts, however, as to its botanic^ source. Don referred it to 
Galhavmn qffidimle. It consists of resin, gum, and volatile oil, and is 
used as an antispjxsmodic and emmenagogue. Opoponax is another 
gum-resin, procured from Opoponewr. Chironum {Pastimea Opopomx)^ 
a native of the south em parts of Europe. Sagapenum seems to be the 
products of a species of Ferula. ^ 

892. 'i’here are other sj)ecies which supply a canniiiative and 
aromatic oil. From the fruits of Carum Can/i, which are commonly 
ctilled Cara way seeds, a volatile oil of this nature is procured. Oils ,6f 
a. similar kind are obtained from the fruit of Pimpinella Aniaum 
(Anise), from that of Fmkulurn milgarey or F. dulce (common Fennel), 
Amthum graveokm (common Dill), Coriandrum sativum (Coriander) 
the T 3 of the Bible, Omninum Cgminum (Cumin), ArchaTigelica ojfui- 
nalts (Garden Ang(*liea), and iJaucus Carvta (Carrot). 

893. In regard to the j)oisoiiuus species of this order, there is still 
much to be learned. They appear to vary according to the soil 
and climate in which they grow. Some species, generally reputed 
poisonous, have been found by Dr. Christisoti to be quite innocuous 
when gadiered from localities in the neighbourhood of Edinburgh. 
The most imporbint plant of this section is Conium uhomlatum (Hem- 
lock), the Ktavsm of the Greeks. It is a biennial plant, found abundantl}' 
in Britain, and distinguished by its undulated ridges, smooth purple- 
spotted stem, and the peculiar mouse-like odour of its leaves when being 
dried. Every part of the plant, especially the fresh leaves and green 
fruit, contain a volatile oleaginous alkali, called Conia, which acts as 
an energetic poison. To this substance the effects of hianlock on 
the animal frame are due, and care is required in the preparation of 
thf; loaves and fruit in order to retain thb active prindple. A few 
drops of Conia will kill a small animal. It acts on the spimil cord, 
producing piralysis with slight convulsive twitches, and its fatal effects 
are attributed to asphyxia, produced by palsy of the muscles of respira- 
tion, without convulsions or coma. Hemlock has been employed 
medicinally to allay pain, more especially in cancerous and neuralgic 
affections. C^mnthe crocata (Hemlock-Dropwort, or Dead-tongue), 
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and a variet]^ i^ed apiifolicL, have been long looked upon as poisonous. 
The roots have been mistaken for parsnips, and fatal effects have been 
thus produced. It would appear, however, that these poisonous 
qualities are not invariably present, for Dr. Christison found that the 
roots of this plant, when growing in a sea-side locality, near Edin- 
burgh, were innocuous. It remains to be determined if the climate, 
and locality have any effect in modifying the properties of the plant. 
The same remarks may be made in regard to (Enanthe PheUaridrium 
(Water Dropwort), and Cicuia virosa (Water Hemlock or Cowbane), 
winch seem to vary as regards their poisonous properties. jEthusa 
Cynoupimn. (Fool’s Parsley), is another plant of the order reputed 
poisonous. It has been stated that the roots of Parsnip, during the 
spring of tlie second year, on the approach of the flowering season, 
occasionally produce a poisonous matter. 

894. Order 98. — ^Araiiaceie, the Ivy Family. Epigyn,) 

Calyx entire or toothed (fig. 309 c). Petals definite (fig. 309 jo), 2, 5, 
10, deciduous, occasionally 0; SBStivation valvate. Stamens as many 
as the petals, or twice as many, inserted below the margin of an 
epigynous disk (fig. 309 e e). Ovary adherent to the tube of the calyx, 
2 or more celled (fig. 309 o) ; ovules solitary, pendulous (fig. 309), 
anatropal ; styles 2 or more, ^tinct or connate (fig. 309 s) ; stigmas 
simple. Fruit usually succident, 2-15-celled, covered by the calycine 
limb. Seeds solitary, pendulous, adhering to the endocarp ; albumen 
fleshy ; embryo sm£^ ; radicle pointing to the hilum. — ^Trees, shrubs, 
or herbaceous plants, with alternate exstipulate leaves, and umbellate 
(fig. 240) or capitate flowers. They are found both in tropical and 
in cold regions. Lindley enumerates 21 genera, including 160 species. 
Examples — ^Aralia, Panax, Adoxa, Hedcra. 

895. They have generally aromalic and stimulant properties. They 
are allied to Umbelliferce, but do not possess poisonous qualities in a 
marked degree, nor does their fhiit usually yield volatile oil. A 
species of Panax yields the famous Ginseng root of the Chinese, which 
is used as a stimulant. Panax qvmquefolium possesses qualities resem- 
bling those of ginseng. Some species of Arcdia yield an aromatic 
gum-resin. Aralia nudicaulis^ a native of North America, has fi:a- 
^ant and aromatic roots, which are used as a substitute for sarsapar- 
illa. A. spirma^ called toothache-tree in North America, is a stimulant 
diaphoretic. The succulent fimit of Hedera HeUx^ tlie Ivy, is emetic 
and purgative. 

896. Order 99. — CornacMe, the Cornel Family. {Polypet Epigyn.) 
Calyx 4-lobed. Petals 4, oblong, broad at the base, regular, inserted 
into the upper part of the calycine tube; aestivation valvate. Stamens 
4, inserted along with the petals, and alternate with them ; anthers 
dithecaL Ovary adherent to the tube of the calyx, 2-ceIled, crowned 
by a di^; ovules solitary, pendulous, anatropal; style filiform; stigma 
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simple. Fruit fleshy, crowned by the limb of the calyx, 2-celled, 
rarely 1-celled by abortion; endocarp bony 479). Seeds solitary, 
pendulous; embryo straight, long, in the axis of fleshy albumen; 
radicle superior, shorter than the oblong cotyledons.*^Trees, shrubs, 
or herbs, with opposite, very rarely alternate, exstipulate leaves, and 
capitate, umbellate, or corymbose flowers. They inhabit the tem- 
perate climates of Europe, Asia, and America. The bark of Comm 
Jiorida and smeea is used in America as a tonic and febrifuge. The 
fruit of Comus nuiscula has been used as food, and the seeds of Comm 
mngumea furnish oil. Tlie fruit of Comus suecka^ a species found on 
the Scotch mountains, is reputed tonic. Avmba japontca has leaves 
which exhibit a variegated aspect. Lindley gives 9 genera, and 40 
species. Examples — Comus, Aucuba. 

Subclass HI.— COKOLLIFLORiE. 

897. Calyx and corolla present; petals imited, bearing the stamens. 
This subclass includes the Monopetalous orders of Jussieu, and the 
Gamopetalffi of Endlicher. De Candolle restricted this subclass to those 
orders in which the corolla was hypog}Tious, placing the other orders 
'with united petals in the subclass Calyciflorai. 

898. Order 100. — i4oraiiaiacefe, the Misletoe Family. {Monopet 
Epigyn,) ('alyx arising from a tube, or rim, wliich some regard as an 
expansion of the pedicel, often bracteated. Petals (or according to 
others, sepals) 4-8, distinct, or more or less united ; aestivation valvate. 
Stamens equal in number to the petals, and opposite to them; filaments 
more or less united to the petals; anthers 1-2- or many-celled 
(T 405). Ovary unilocular, adherent to the calycine tube or the 
expanded pedicel ; ovules with a naked nucleus, erect or suspended ; 
style filiform or 0 ; stigma simple. Fruit succulent, cro'vmed by the 
cidyx, 1-cellod. Seed solitary, pendulous; embryo straight, in the 
axis of fleshy albumen; cotyledons either minute or numerous; radicle 
superior. — Slirubs, usually parasitical, with opposite or alternate, fleshy, 
exstipulate 'leaves. Mtmy of the plants have sho'wy flowers, which 
hang from the trunks and branches of trees in the equinoctial parts of 
Asia and America. Some occur in temperate regions. Lindley gives 
23 genera, and 412 species. Examples — ^Loranthus, Viscum, Myzo- 
dendron. 

899. Disputes have taken place as to the structure of the flowers in 
this order, some considering the petals as being in reality sepfds, and 
regarding tlie calycine rim as being an expansion of the pedicel only. 
ITie wood of some of the plants is arranged in separate wedges, and 
them vessels are either annular or scalariform. The fruit contains a 
viscid matter, like bird-lime, by means of which the seeds adhere to 
trees. The seeds in germinating send their radicles into the plant to 
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which iihey are attached, and grow afterwards as true parasites, select- 
ing certain chemical ingredients in preference to others. The bark is 
usually astringcait. Vi»mm albam^ Misletoe, was called by the Druids 
the Misletoe of the Oak, on which, however, it is rarely found parasitic, 
it grows well on the apple-tree. The formation of the ovule in the 
Misletoe, according to Schleidon, is described at If 463. Loranthm 
tetraiidrus is used in Chili to dye black. 

900. Order 101. — Capritoiiaccic, the Honeysuckle Family. {Mona- 
pet Epigyn,) Calyx with its limb 4-5-lobed, usually bracteated. 
Corolla superior, lobed, usually regular and gamopetalous, sometimes 
irregular. Stamens epicorollme, equal in number to the lobes of the 
corolla, and alternate with them. Ovary adherent to the tube of the 
calyx, usually 3-celled, rarely 4-5-celled ; ovules few in each cell, 
pendulous; style one or none; stigmas 3-5. Fruit fleshy or dry, 
crowned by the limb of the calyx, indehiscent, uni- or iniiltilocular ; 
endocarp sometimes bony. Seeds solitary, or several in each cell, 
])endulous ; spermoderm often bony ; embryo small in the centre of 
fleshy albumen ; radicle next the hilum. — Shrubs or herbs, with oppo- 
site exstipulate leaves, and corymbose flowers. (Chiefly fomid in the 
northern parts of Europe, Asia, and America. The order has been 
divided into two suborders : — 1. Lonicercai, the true Honeysuckles, 
with a regular rotate or tubular coroUti, three sessile stigmas, and a 
I’aphe on the inner side of the ovule. 2. Sambucca), the Elder 
Tribe, with a corolla more or less tubular, often irregular, a filiform 
style, and a raphe on the outside of the ovule. Lindley gives 14 
genera, and 220 species. Examples — Lonicera, Cai)rifolium, Leyccs- 
teria, Linnsea, Sambucus, Viburnum. 

901. Many of the plants, such as the Honeysuckle and Elder, have 
odoriferous' flowers. Some possess emetic and purgative properties. 
The firuit of Samhacus nigra^ the Common Elder, is used in the manu- 
facture of a kind of wine. The flowers contain a small quantity of 
concrete volatile oil, and a minute portion of a voh»^e odorLferous oil. 
llie inspissated juice of tlie fhiit, and the inner bark, , possess purga- 
tive qufflzfcies. Viburnum Opulus^ the Guelder Eose, is often culti- 
vated hi gai^dens. Vihumum Lantana has an acrid bark. Linncea 
horeaUs. is a delicate northern plant, named after Liniiseus. Symphori- 
carpus racetnosa yields the Snowberry. 

902. Order 102. — Kubiaceie, the ladder and Peruvian Bark 
Family. (Monopet Epigyn.) Calyx adherent with the ovjiry, the 
limb with a definite number (usually 4-5) of divisions, sometimes 
obsolete (fig. 619 c). Corolla gamopetalous, regular, tubular, or rotate 
(fig. 619 jp), inserted into, the calyx, usually vrith 4-5 divisions (fig. 
618) ; aestivation valvate or imbricate. Stamens more or less a^erent 
to the coroUine tube, as many as the lobes of the corolla, and alternate 

them 617). ' Ovary inferictr, usually bilocular (fig. ^19 o). 



sometimes multiloctilar, croiraa^ with a fleshy disk i ovules nttmerous 
or solitary, anatropai or am|jilta:opal ; style single, sometimes partly 
divided; stigmas usually 2, tnore or less distinct (flg. 619). Fruit 
inferior, 2- or many-belled, dry or succulent, either indehiscent oi 
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splitting into two mericarps (figs. (>20, 621 ). Seeds 1 or many 
each cell, in the foniior case erect or .‘isccaiding (fig. 6l0), in thejatt 
attached to a central placenta ; albumen copious, homy or flesJ 
(fig. 622 p ) ; embryo small, straight, or slightly cm*ved (fig. 622 ^ 
cotyledons leafy ; radicle turned to the hilum. — ^IVees, shrubs, or her! 
with simple, entire, opposite, or verticiliate leaves, which have eitlj 
iiiterpetiulary stipules (fig. 190), or are exstipulate. The order h 
been divided into two suborders; — 1. CinchoneaB, with rounded sten 
usually opposite leaves, and interpetiolary stipules (fig. 190), nativ 
of the hotter parts of the world. 2. GalujsB, or SteUatfie, with squa 
stems, verticiliate leaves, and no stipules; natives, of northern ai 
colder regions. Lindley considers these divisions as separate natur 
orders. Some authors think that the verticiliate leaves of Stellal 
consist partly of true leaves, and partly of stipules. The order ii 
eludes nearly 280 genera, and upwards of 2800 known species. M 
ampZe.?T^Cmchona, Gardenia, Iledyotis, Isertia, Hamelia, Guettard 
Paederia, Coflea, Cephaehs, Psychotria, Spermacoce, Anthospermui 
Operculaffi^ Galium, Rubia. " " 

r i e:*. 617-622.— lUiiHtrations of tlio luitural order Rubiaceo;. 

rUf. 617.--X>iagxbn) of the flower of Galium Mollnifo, belon^ring to tlie sectldu Stcllata;. Cal. 
n^rly obtolete, corolla rotate, -{l-lobed, 4 BtamenB, and didymoiis ovary. 

Jig. 6ia— Flpwcr entire. * , ■ 

Fig, 619.— JioMror cut vertically, c. Calyx adherent to the ovary, o, which is aieelled., jt, C 
ro^ e e, Stamens surFpunding the style and stigmas: 

Jig. 620.~*Fnilt of Rubia tincioria, Madder. v 

Jig. 62l.~.rhe'taine, showing the separation of the tWo carpels. 

Fig. 622.— The seed cut vertically, Peri^jperm. r, Curved canbrj'o. 
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' 90$, The pr<q)erties of the or4€r, in general, a|^ tonic, febrifuge, 
and astringent. Many important ancles of materia, medica are fur- 
nished by me plants in the suborder Cinchone©. Peruvian or Jesuits’ 
Bark, knoum under the name of Pale, Yellow, and Red Bark, is pro> 
cured from various species of Cinchona^ which grow abundantly in the 
district, of Upper Peru. The Qbchona trees seem to be confined 
exclusively to the Andes, within the boundaries of Peru, Columbia, 
and: Bolivia, from 11® north lat to 20® south lat., chiefly growing at 
elevations varying from 1,200 to 10,000 feet above the level of the sea, 
and in a dry rocky soil There are at least twelve species which are 
supposed to furnish the barks of Commerce. Great obscurity prevails 
as to the species whence the various kinds of Cinchona bark are de- 
rived. The names of Yellow, Red, and Pale Bark have been very 
vaguely applied, and are by no naeans well defined. The barks are met 
with either in thick, large, flat pieces, or in thinner pieces, which curl 
inwards during drying, and are called quilled. Britain is said to im- 
port from 225,000 to 556,000 lbs. annually, and tp retain 120,000 lbs. 
for home consumption. The chief oflicinal kinds of bark are : 1 . Crown- 
bark, China-Loxa, a pale bark in quills 6 to 15 inches long, the produce 
of Cimhona CondamineOj which inhabits the mountains in the vicinity 
of Loxa, at an elevation of from 5,700 to 7,500 feet. 2. Gray bark, 
Silver bark, or Huanuco bark, China-Huanuco, another variety of 
quilled pale bark, obtained from Cinchona micranha, found in the 
vicinity of Iluanuco, in Peru. 3. Yellow bark, China-regia, partly 
flat, partly quilled, procured from a species of Cinchona, which grows 
around Apolobamba. 4. Red bark, China-rubra, partly flat and partly 
quilled, procured from an unknown species of Cinebona. Besides 
these, there are various inferior kinds of bark met with in commerce, 
suoh as Ash bark, China- Jaen, from CincJiom ovata ; hard Carthagena 
bark, Chiaa-flava-dqra, from Cimhona cordifolia ; Rusty bark, China- 
HuamaUes, from Cinchma pnhescens; Orange bark, from Cincheyna 
la/ncifolia; and Red bark of Santa-Fe, from Cincluma magnifolia, jyiifi 
following is the arrangement adopted by Pereira : — 

A. Time Cinchonas with a Brown Epidermis. 

I. Pale^arks. 




'' yBvmmmiiiL 

B. Trad (Mxkchonfia with a WMt^ £pi<lenai& 

I. Pale Barks. . ^ . 

7. White Iioxa Bark,^....k....Ciiiohona sp.? 

n. Yellow Barks. 

8. HaTdCarthagenaBark,...Ciadicma oordiiblia, ifttfis. 

9. Fibrous Cartagena Bark,. Perhaps' C. cordifolia. * 

10. Cuzco Bark, Cinchona sp.? 

11. Orange Bark of Santa-F^.C. laudibli^ ilftt^ts (C. angitstifolia, P.) 

IlL Bed Barks. 

> 12. Bed Bark of Santa-Fd, C.oblougifolia,ilftt^(C.magnifoiia£LaiidP.) 

Cinchona bark contains two alkaloids, Ginchonia and Qqina, to which 
its active properties are due ; the former is best obtained from Gray 
bark, the ktter from Yellow bark. In combination with these, there 
exists an acid called Cinchonic or Kinic add. Cinchona bark is used 
medicinally as a tonic and antiperiodic, in cases of dyspepsia, neuralgia, 
and intermittent fever. It has been administered m the form of in- 
iusion and tincture ; but, at present, the disulphate of Quina is the 
chief preparation used. The genus Exostemma yields various kinds of 
false Cinchona bark, which do not contain the Cinchona alkalis. In 
this 'genus the stamens are exserted, whereas in Cinchona tliey are 
included. The following are some of thefrlse barks noticed by P^dra:—- 

1. St. Lucie or Pitou Bark, *..... Exostemma floribnitdum» 

2. Jamaica Bark, £. caribieum. 

3. Fitaya Bark, Exostemma sp. ? 

4. False Peruvian Bark. E. peruvianum. 

5. Brazilian Bark, E. souzianum. 

Pinckneya pubens yields the fever-bark of Carolina. 

904. Some of the plants of this order have emetic and pur^tive 

qualities. CephMis Ipecomanha yields the Ipecacuanha of the Fharma- 
copoeia. The plant is found in the woods of several Braalian provinces, . 
as JPemambuco, Bahia, and Bio Janeiro. The roots, which are the offi- 
cinal part, are contorted, knotty, and annulated, and about the thickness 
of a goose-quill. They are used as emetic and diaphoretic remedies, in 
the form of powder or wine. Their active ingredient is an alj^loid 
called Emeta or Emetine. Besides this brown or gray ard^tdated 
Ipecacuanha, there are spurious kinds, such as striated or Black Peru- 
vian Ipecacuanha, the produce of Psychotria meticay and white or amy- ' 
lac'^ous Ipecacuanh;^ furnished by Michardsoma scabra (hrasUimsiay) a 
native of the provinces of llio Janeiro and Minas Geraes. Some of . 
the sp^ies of Paychotriay C^MiSy and Ravdbiy are said to actsc^^ 
violently as to produce poisonous effects. ’ ; ^ \ * 

905. Among the astringent plants of the order, may be noticed. 
UnmriyL GmnbvFy which st^plies a kind of Catechu,' known by the 
name of Gambeer. Of the plants fumislmig articles of diet, the most 
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impqarte&t is CkMa orolKcja, a natiTe of Arabia and of the borders of 
AbJS8^a, arli^ furnishes the Coffee of commerce. Ihe fruit is sue- 
ouleadt^ asid tl^ albumen of the seed is the part used as a bever- 
, It eontains a bitter principle, denominate Gaffein, which is 
ideurilcal with that got from Tea. The import of Coffee into the 
Unite Kingdom, in 1847, was 19,783 tons, and in 1848, it was 
24,558 tons. The seeds of some other plants of the order, as species 
of Qidimn^ have been used as substitutes for Coffee. Among the 
plants yielding dye, the most interesting is Rybrn timtorioi the root of 
which IS the Madder of commerce. It contains three volatile colouring 
matters — ^madder purple, orange, and red. The latter is in the form 
of crystals having a fine orange-red colour, and called Alizarine. 'Uiis 
is the substance which yields the turkey-red dye. Buhia Munjistaj 
(cord^ol£a\ Munjeet, is also used for a similar purpose. Oldmlandia 
imbellcsta is emjdoyed in the East Indies as a substitute for Madder, 
and so is the root of Morinda citrifoUa^ under the name of Sooianjee. 
The latter yidds a peculiar colouring matter, called by Dr. Anderson, 
Morindine. It is extracted frx>m the bark of the root, and is procured 
in the form of minute acicular crystals of a fine yellow colour. It is 
incapable of producing colours with alum and iron mordants, but with 
turkey-red mordant it produces a dark red. Many of the plants of 
this order, especially in the section Cinchoneas, have veiy showy and 
fragrant flowers. Ihe ipecies of Mmsemda and C<doophyllum, are re- 
markable on account of one of their sepals becoming large and diowy. 
Asperato odorataj Wood-ruff, gives out its fragrance when dried. 

906. Order 103. — ^VaUnteBacefe. the Valerian Family. {Monopet 
JBp^fyn,) Calyx superior, its limb being eilber membranous or pap- 
pose. Corolla gamopetalous, inserted into the top of the ovary, tubu- 
lar, 3'-4-5-lobed, sometimes gibbous or spurred at the base. Stamens 
1-5, adherent to the corolla and alternate with its lobes. Ovary 
i^erior, 1-3-celled ; ovule solitary, pendulous, style filiform ; stigmas 
1-3. Fruit dry, indehiscent, crowned with the limb of the c^jpc, 
l-ceHed, in consequence of 2 cells being abortive. Seed solitary, 
pendulous, eicalbuminous ; embryo straight; radicle superior.^ — ^Herbs, 
with opposite exstipulate leaves, and cymose inflorescence. They are 
found in temperate climates, lindley gives 1 2 gene^ and 185 species. 

Valeriana, Centranthus. 

907. The plants bekmgmg to the order are strong-scented or aro- 
^tic, and some of &tve been used as bitter tonics, anthelmintios, 
aaA tisitbpas^ The root of Valeriana officinalis is the common 

. me#rinal Vaforian. It has a bitter acrid taste, and a peculiar odour, 
whfok is fetid md disagreeable in the dry state. In the form of 
and infusion, it is prescribed in cases of hysteria. Other 
iqpscies of Vikpian, as V. odtioa^ Phv^ sitohensiB^ and SaUuncct, have 
properties. Valerian is known to have a peculiar effect cm 
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cats, causmg a species of intoziGation. Nardostm^ Jaiammsi is 
the T 13 , or spikenard of the andents, which was highly prized 
on acconnt of its perfume. Vailenoma oUtori^ Lamb's lettuce, has 
been used as a salad. Many of the plants in the order secrete a 
peculiar volatile oil, to which these properties are due. 

908. Order 104. — rnifamomwemt, the Teazel Family. (Moru^, 
Epigyn,) Calyx superior, with an entire, or toothed, or pappose limb 
(%. 278). CoroUa gamopetalous, tubular, inserted on the calydne 
tube, with an oblique 4-54obed limb ; ssstivation imbricated. Sta- 
mens 4, attached to the tube of the corolla, and alternate with its 
lobes ; anthers dithecal, distinct Ovary cohering with the tube of 
the cdyx, either closely or only at the apex, unilocular ; ovule soli- 

S , pendulous, anatropal ; s^le filiform ; stigma simple. Fruit dry, 
hiscent, crowned by the limb of the calyx, covered by ah epicalyx 
or involuc^um, 1-ceUed. Seed solitary, pendulous, albuminous; 
embryo straight; radicle superior. — ^Herbs or undershruba with 
opposite or verdcillate leaves, and capitate or verticillate dowers, 
surrounded by a many-leaved involucre (figs. 232, 244). They axe 
found in the south of Europe, the Levant, and at the Cape of Grood 
Hope. The properties of the order are unimportant. The name 
IHpaacus is derived from thirst, in consequence of the bases of 
the leaves of some of the species being connate, in such a way as to 
enclose a cavity which contains water ready to allay thirst. The heads 
of Dipsams Fullers’ Teazel, on account of their spiny bracts, 

are used in dressing cloth. Lindley mentions 6 genera, including 
150 species. Examples — ^Morina, Scabiosa, Dipsacus. 

909, Order 105.— Caifcemcete, the Calycera Fazmly« (Mtmopet. 
Epigyni) Calyx superior, with a limb of 5 unequal segments. Corolla 
regular, infimdibuliform, with a long slender tube, and a 54obed 
limb, the lobes having ea^ three principal veins. Stamens 5, attached 
to the tube of the corolla, with as many alternating glands below 
thorn; filaments monadelphous ; anthers parrially united. Ovaiy 
ir^erior, 1-pelled; ovule solitary, pendulous; style single, smooth; 
sdigma ca^dtate. Fruit an acheenium, orowned by the rigid sp|a^ 
se^ehts of the calyx, sometimes covered with papiUn, whi^ emit 
^iral tubes wh^ pl^d in water. Seed solitary, pendulous ; mibryo 
in the oxis of freshy albumen ; radicle superior. — ^Herbaceous plants, 
wilh alternate, exstipulate leaves, and sessile capitate flowers, sur- 
rounded ly an involucre. They ii^abit South America. Their pro- 
perties are unknown. There are 5 known genera according to Lineup 
and 10 species. EosampUs — Calypera^ Boopis. ^ 

910. Order 106.**<Mqp«aitfe (Asteraoeie of lindley, and 

of other authors), the Composite Family. (Manqpet Eptggkiif' 
(ligs^ 62d*-634). Gal^ supe^Or, its limb mthcr wanting or meni- 
branous, or divided into bristles, palece, or hairs, and called pappus 
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(figs. 277, 279, 62« ^ .Corolla g^opetalous, ligulate ^^. '301, 
624) or tubular (fig. oSS p% in tbe latter case usually 6-toothedj 
sometimes bilabiate (fig. 625) ; two marginal veias, containing spiral 
colls, run along Oach of corollme divisions, and afterwards proceed 
along the axis of these (Jivisiona^ ssstivation valvate. Stamens usually 
5, aJtemate witb the the cordUa (fig. 626 e ) ; filaments dis- 

tinct ; anthers (figs. 301^^^ 624, 625, 626 e) cohering into a cylinder 
(synantherous or "^genesious). Ovary inferior, closely adherent to 
the tube of the calyx (figs. 624, 625, 626 o, 634), and und^stinguish- 
aUe from it, l-ceUed; ovule solitaj^, erect (figs. 423, 626, 634); 
style simple, sometimes with collecting hairs (fig. 627) ; stigmas two, 
distinct (figs. 404, 627*633) or united Fruit, an acheenimn (Cyp- 
sela, 542), crowned with the limb of the c^yx (fig. 634). Seed 
solitary, erect, exalbuminous (fig. 684); radicle inferior. — ^Herbs or 
shrubs, with alternate or opposite, exstipulate leaves, ^d capitula of 
fiowers (called fiorcts), which are either hermaphrodite or! unisexual, 
and are surrounded hy bracts in the form of an involucte (figs. 242, 
243). Bractlets are sometimes interspersed with the flowers on the 
receptacle, and are then called pale«e. Some of the flowers belong to 
the cyanic, others to the xanthic series (T 679). In^fthe same head 
the flowers are sometimes homochromous (^^or« amilar, and 
colour), belonging to the same series ; at other times tliey are hetero- 
chromous diverse), belonging to different series, — ^lihe ligulate 

to the cyanic, and the tubular to the xanthic. 

911. This is one of the largest, and, at the same time, one of the 


Fiifs. Organs of fructification of Cfimpositoe. 

Fig. 628.— Diograni of the llowcr of a Seneclo. The outer dotted cirde indicates the papposd 
limb of the calyx, wlUiin it is the tubular corolla with five diyisions, next five stamens with 
united anthers, and in tlic centre the 1-celled, l-seeded ovary. 

624— One of the lignlate flowers or florets of Cichoiium Intybus, Succory or Ch^opry, 
be|ongtt^. to the secttoti Ciehoracece. o, Ovary com^etely adherent to the tnbe of ma calyx, the 
limb of the eelyx forming a crown eurronnding tlie base of the ligulate (strap-shpped) coroUa, 
-^hieh has flye aplelUtr dlvtsions. e, Cylinder fl>rmed by the anthers ^nontherou^t traversed 
by the Its IflUd stigma, a 

Fig. dm— Flower, of CiMstantheia linearis, belonging to the section Z<abiatiflone. o, Ovtay 
with adherent (^ydne tube, t, Tube of the gamcmeialous bilabiate corolla. I s, Upper lip of 
corolla, i if Lower Bp of the oondla. e, Tube of ine anthers, s, The bifid sUgma at the apex of 
tlie styles 

Fig. 626.— Tabular (flosoulous) flower of Aster rubrlcauBs, belonging to the sectidn Corym* 
Ufema, out longitudinally, to show the erect ovule, o, enclosed in the pcrieatpjconahiito ot the 
wain of the ovary, and the calydne tube incorporated, p. United petwa a, rapds cmsisting 
of Uie mtered limb of the calyx s, Stamens with their united anthers, attachecrio the corolla. . 
4 Style traversing the antberine tube. ^ 

F%s.:627>fiS8.— SnmmltB of the styles of plants belonging to diflbrent tribes of Oorapositas. Two 
■tl^ghatle bands are seen bordering the internal surfluse of the two branches, y/blch teiininate 
eaA of ttm 8t3^ Several have collecting hairs at dUHsrent parta 

FJg. gnmmit ef the style of Clchorlnin Intytms, one of the Cichoraoefs.. . T ' 

^ — - Cfiuetanthen linearis, one of the Labiatiflorsa 

ThevQttOtiaiimooftheCynareaB. 

686... -I.. Senedo ^ria, one of the Senedonides. 

681 ..,.,■..,111 .....i ■ Aster afflttlterinna; one Of the Asteroldese. 
flj^— i — — w^'Stoviapoypin^OnOofttmEnpatoriaoeBe. 

" Vemonia angoiNUbllB, one of the Vemoniaeesa 

6^— BIpe fhUt (Oypsela>^a Sdnedo, cut vertically, e, Sxalbumlnons embryo, with 
r radldiB. t, Spermo&nn or coveritigof the erect seed, p, Feiioatp consisting of ovarian 
parietes with the dosdy-adherent calydne tube. Style. 
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most ni^tural fianili^ in the vegetable kingdom. The plants wm'e all 
indoded by l^nnseius in his cSsa Syngeneda, and wesee divided into 
five orders aooording to the sexes of the florets, and the nature of the 
involtieFe. These ^visions are givoi at page 844, under the names 
Pdlygemia .^kjoalis, Superflua, Frostranea, Necessaiia, and Segregata. 
The ftSlowing series of terms have also been employed to express the 
nature of the capitula, as regards stamens and pistils 

1. Homogamons alike, and yd/usf, marriage), flowers all hermaphrodite 

C ?? )* 

2. Heterogamons diverse), the flowers of the disk (centre) hermaphro- 

dite, those of the ray (drcnmference) either pistillate (female) only, or 
nentr^ i, e, destitute both of stamens and pistils. 

3. Monoecious, $ — $ , male and female flowers in the same capitnlum. 

4. Heterocephalons diverse, and a head), some capitnla entirely 

male, others entirdy female, in the same plant 

5. Dioedons, $ soine plants with male capitula only, others with female 

capitda only. 

The foUow^ig series of terms have been used to express the nature of 
the capitula, as regards the form and arrangement of the flowers : — 

1. Discdd or Flosculous, corollas all tubular. 

2. Ligulate or Semifloscdous, corollas all lignlate. 

8. Bimiate, corollas of the margin or ray lignlate, those of the centre or disk 
tubular. 

4. Falsdy-dificoid, corollas all bilabiate. 

5. Falsdy-radiat^ or radiatifbrm, corollas of the margin ligulate, those of the 

cmitre bilabiate. 


912. Jussieu divided the order into three sections: — 1. Cynaro- 
cephalse (c^nom, the artichoke), having the flowers all flosculous 
(tabular); involucre hard, conic^ and often spiny. 2. Corymbiferae 
{corgnilmsj a corymb, and ferOj 1 bear), having flosculous (tubular) 
florets in the di^ (centre), and ligulate (sem&osculous) in the ray 
(circumference); involucre hemispherical, le^, or scaly, seldom spiny. 
8. Ciehoracess {cichortum^ succory), having the florets all ligate. 
Another section was subsequently added, containing bilabiate flowers. 

918. De Candolle made the following divisions, which are now 
pretty generally adopted: — 1. Tubulifloras, hermaphrodite flowers 
tabular, regularly 5- rarely 4-toothed. Under this sectibn he in- 
cluded sev^ul tribes, in which the distinctions are founded on the 
nature of the style and sdgma in the hermaphrodite flowers. These 
(haracters are shown in figs, 629-688, winch illustrate the tribes 
Vernoniaceas (fig. 638), Eupatoiiaceae (fig. 632), Asteroideas (fig. 681), 
Senedonideae (fig. 630); and Gynareae (fig. 629). 2. Labiatiflorffi, 
hermajdirodite flowers, or at least the unisexaal ones, divided into two 
lips (fig. 625)4 The subdivisions of this section are also founded on 
the style and stigma (fig. 628). 8. ligulifloraB (cichmuceas), all the 
flowers hennaphrodite and ligulate (fig. 624). The form of the style 
and stigma is seen in fig. 627. 
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914. Hendow gives tihe foUowmg tabtOar view of tibese various 
divisions-^e letter I meaning ligate flowers; flosculous; H, 
herniapliro£te ; F, female; N, neuter; M, male; the relative position 
of the letters indicating the nature of the florets in the drcui^erence 
and in the centre of the same capitulum; and in the last three divi- 
sions, the letters having reference to the nature of the separate 
capitula: — 

JosnAcu. Be Candtdla 



raoeifi Lignliflorffi 

« Labiatiflorn 


1 . 

3. 

2 . 


Heads of FLowers. 


(F.M.F0 

[CM.)(F.)] 


Homogamous 

Heterogamous 

Moncecious 

Involncrate florets. 

Dioecious 

Heterocephalous. . . 


Linottan Ordera 
Polygamia sequalis. 

' superflua. 

— fmstraneiL 

necessaria. 

segregate 

4t 


915. The plants of this order are variously distributed over all 
quarters of the world. In northern regions they are generally herba- 
ceous, while |n warm climates they sometimes become shrubby, or 
even arborescent. Cichoraceae abound in cold regions, while Corym- 
biferss are common in hot climates. . The numb^ of known genera 
amounts at present to upwards of 1000, comprehending 9500 species. 
They are considered as forming ^ of the known spedes, and this seems 
to have been the proportion at different peric^. Thus, Linnceus 
enumerates 785 Compositas out of 8500 species of plants then known 
all over the world : — 

CompoBitsB. Known Species in the World. 

In 1809 2,800 27,000 

1838 8,523 85,000 

1846 9,500 95.000 


Examplea — ^Vemonia, Eupatoiium, Aster, Beilis, Anthemis, Senecio, 
Centaurea, Carduus, Triptilion, Tri:^ Cichorium, Hieracium, Sonchus. 

916. The plants belonging to this vast order have all more or less 
bitterness, which is sometimes associated with astringent, amid,, and 
narcotic qualities. 

Suborder Cyn(m)<^h(iUB . — ^The plants of this suborder are usually 
tonic and stimulant. The bitterness of the plants of this section 
is often mudb lessened cultivation, so that they become esculent. 
The root of Arclma Lappa (majus and mmu8)y Burdock, is bitteiish, 
and ^ been used in tiie form of infusion as a substitute fer sar- 
saparilla. The root, leaves, and firuits (often called seeds), are diaffeo^ 





diti^thng. 1!%6 leaves of 

lased in m^dneas a stosn^^ and 
^i^toetac. Uandii^ at^s and leaf-stiEdks of Cjfmt^ Cardan- 
axe eaten, and so aie tibe joimg siiocnlent tec^tacles 
ofHjPjj^aam Scoiymm^ the Ar^olee. The dried flowers of {hHhaimm 
riadAsribs ocmsritate Safflower, wbich yields a pink djre. The genus 
Cwtiitiff includes the various species of Thistle. What is denominated 
by gfffdeners the Scotch Thistle, is Onqpordam Acanthiuimf a doubtful 
native of Scotland, but hot uncommon in England. 

917. Suborder OoryrMfer ^ — The plants of this section have the 
general bitterness of the order, and some of them have an aromatic 
odour, from the presence of volatile oil. The flowers of Anffiems 
ao^7». Chamomile, are odoriferous, and yield a volatile oil, which is 
at flrst greenish or bluish, but afterwards yellowish brown. They 
are used ^ materials for fomentation, and an infusion of them acts as 
" a diaph^^tic and emetic. An extract is made fl^m them, having 
bitter qualitiSCs. The essential oil is an excellent carminative. 

Imctom supplies a yellow colour used for dyeing. Pyre- 
tkrw^ PeerOimimL, common Feverfew, is aromatic and stimulant. The 
root of Anacyclus Pyrethrum^ Pellitoiy of Spain, or perhaps of A. 
ojffkwmwn^ is an irritant and sialogogue; its properties depending 
on the presence of a volatile oiL Tvsgilago Farfara^ Coltsfoot, has 
be^ us^ as a demulcent. The root of Inula Helemmrn^ Elecampane, 
has stimulant and expectorant qualities. It contains a white amyla- 
ceous matter called Inulin. The species of Artemisia are remarkable 
for thrir strong odour and bitter taste. The heads of flowers of Arte- 
mmia Ahshdhmm {Ahsmdmm officinale, and vulgar^, or Wormwood, 
and riiose of Artemisia Santmica, and of other species, under the name 
of Wormseed, are used as anthehnintics and tonics. Several of these 
speries contain a ciystalline bitter principle. Artemisia mutellmct, 
eaoA spkata, are used in the pieparalion of a tincture or distilled 
spirit, called in France, Eau or ^me d’Absinthe, which is in re- 
quest among thosie who are addicted to the pleasures of the table. 
The limolljr leaves of Artemisia ilfoaxz are used in China to form the 
inflammable cmies or cylinders called Moxas, which are emplcyed 
as counter-irritants. Artemisia Dramnculus, Tarragon, is used in 
puMes and aal^a, and in the medication of vinegar. A. Ahrotamm 
Is dommonly called Southernwood, and is used on the conlment iu 
the preparaition iA b^. The leaves of Taanao^mn vulgare, Tansy, 
have-^^^ul^ antispasmodic properties. Th^ oontam a bitter resin, 
and an arixmatic volatile oil. Arnica Mountain Tobacco, 

or Ljmjaffd’arbane, is an acrid stimulant Its flowers, leaves, androot- 
stod^ diseases, as well as in gout and 

shieiiimludsi^ '^^eseeds^ioperly frdts) of Bdiomi^anmm^co 
BuainWOT, cointam a bland oil, and when roasted th^ have be^ used 



as a sab^t^e far Co£fee. The name ^ and 

a flower) is derived from the. popular, aapp^tipD^ that it^ large 
heads of flowers follow the sun in its course (f 486)» The roots of 
HdianOm Jerusalan, or more prepay, Gfirasole Ardifooke, 

are usedassubstitates for potatoes. BupciorimhAyispm 
Guaco, have been used to cure the bites of snakes. 
is a peculiar branching coral-like plants which grows in dry stedle 
places in the south and west of Afli^ and yields a resinoid substance, 
called by some Aflican bdellium. Madia sadoa has been cultiYated 
on account of its bland oil The species of l^cfmophom give a peculiar 
feature to the mountains of Minas Gerto in Brakl They grow like 
Velloaas, and they are covered with a dense coat of long l^wnish- 
coloured wool, which is often used for beds and pfllows. 

918. Suborder Oichmjcea . — ^Most of the plants of this section yidd 
a milky juice, which is bitter, astringent, and sometimes narcotic. 
By cultivation, some of them are rendered esculent. Ckhormm Inly- 
&US, Wild Succoiy, or Chicoiy, is cultivated for the sake rf its root, 
which is used as a substitute for, and as an addition to Cofree. The 
blanched leaves of Ckhjoriuni Endma constitute Endive. Tairaxacum 
Dens Leonis (or offimale)^ Dandelion, yields a milky juice, which, in 
the form of extract, has been used medicinally as a diuretic and 
alterative. It contains a bitter ciystalline principle called Taraxadne. 
Its root is mixed with Coffee in the same way as Chicory. The in- 
spissated juice of Lactuca sativa^ common Lettuce, and of L, virosa, 
wild or strong-scented Lettuce, receives the name of Lactucaiium, or 
Lettuce-opium, and is used medicinally for allaying pain, and in- 
ducing sleep. It contains a neutral active principle called Lactucin. 
Other species of Lactuca yield an inspissated juice having similar 
qualities. Scorzonera is the esculent root of Scorzonera M^paiaicOy 
while Salsafy is the root of Tragopogon pcTiifolxus^ which is called 
the Oyster-plant in America. Many of the plants of the' Cichoraceous 
section, suem as Hierammy SomhuSy and Tragopogofiy act as horolo- 
gical and meteorological flowers (f 483, 484), their capitula opening 
and closing at certain periods of day, and in different states of the 
weather. 

919. Order 107. — ^Bnuioalaceie, the Brunonia Family. {Monopet. 
Perigyn,) Calyx persistent, 5-partite, with bracts at the base. Corolla 
inserted at the bs^ of the calyx, monopetalous, nearly regular, wither- 
ing; limb d-parted, having central veins in its segment which divide at 
the top into two recurrent marginal veins; esstaivation valvate. Stamens 
5, inserted with, but foee from, the corolla, ^tematang with its seg- 
m^ts; anthers articulated with the short filaments, ditheoal, intron^, 
dehiscing longitudinally. Ovary free, unilocular; ovule sedit^, erect, 
anatop^; ^le sin^e; st^a endos^ in a 2-valved or indusimn. 
Fruit a utride, endos^ in the hardened calydne tube. Seed coliliajy,. 
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erect, exalbuminons; embryo straight; cotyledons fleshy, plano- 
convex; radicle minute, inferior.— Stemless herbaceous plants, with 
radical, exstipulate leaves, and capitate flowers, supported on scapes, 
and surroimded by an involucre of enlarged bracts. Natives of New 
Holland. Their properties are unknown. The order contains as yet 
only 1 genus, and 9 species. Example — ^Brunonia. 

920. Order 108. — Goodcniacese, the Goodenia Family. (Mow^et, 
Epigyn, and Perigyn,) Calyx peristent, usually equal, with 3-5 divi- 
sions, sometimes obsolete. Corolla inserted into the cdyx, monopeta- 
lous, more or less irregular, marcescent or deciduous; its tube split at 
the back, and sometimes separable into five pieces, when the calyx 
only coheres with the base of the ovary; its limb 5-partite, uni- or 
bilabiate, the thin part of the segments being at the edges, which are 
folded inwards in aestivation. Stamens 5, distinct, inserted with, but 
flree from, the corolla, and alternate with its segments; anthers not 
articulated with the filaments, distinct or cohering, bilocular, with longi- 
tudinal dduscence; pollen-grains either separate or united in fours. 
Ovary more or less united to the calycine tube, 1-2- or 4-celled, some- 
times with a gland at its base; ovules definite or 00, attached to a 
central, often free, placenta; style 1, simple, rarely divided; stigma 
fleshy, imdivided or 2-lobed, surrounded by a cup-like indusium. 
Fruit a 1-2- or 4-celled capsule, or drupaceous or nut-like. Seeds 
definite or indefinite, with a thickened, often hard testa; embryo 
straight, in fleshy albumen; cotyledons leafy; radicle inferior. — Herbs, 
rarely shrubs, not lactescent, with scattered, exstipulate, usually 
alternate leaves, and distinct, never capitate flowers. They are found 
chiefly in Australia, and in the South Sea Islands. Some are eaten 
as pot-herbs. The order is divided into two suborders: — 1. Good- 
eniese, with dehiscent capsular ihiit, and numerous seeds. 2. Scasvolese,* 
with indehiscent, diiipaceous, or nut-like fruit, and seeds solitary, or 
two in each ceU. There are 14 known genera, according to Lindley, 
and about 150 species. — Examples — Goodenia, Yelleia, l^schenaultia, 
ScsBvola, Dampiera. 

921. Order 109. — styiidia^sece, the Slylidium or Stylewort Family. 
{Mempe^, E^yn,) Cdyx adherent, persistent, with 2-6 divisions, 
bilabiate, or regular. Corolla gamopetalous, ^ing oft late, limb 
usually irregular, 5-6-partite, segments with a central vein; a3stivation 
imbricated. Stamens 2; filaments united with the style into a longi- 
tudinal column; anthers didymous, rarely simple, lying over 
stigma; pollen simple, globpse, or angular. Ovaiy cohering with the 
calyx, bilocular, or by contiaction of the dissepiment unilocular, often 
surmounted by one gland in front, or by two opposite ones; ovules 
anatropal; style 1 ; stigma entire or bifid. Fruit a bivalvuW, bilo- 
cular, or spuriously unilocular capsule, with septicidal ddiiscence.; 
Seeds 00, small, erect; embryo minute, endosed in flediy, somewhat 
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oily albumen. — ^Non-lactescent herbs or undershmibs, with alternate, 
scattered, or somewhat verticillate, entire, exstipulate leaves. They 
are well distinguished by their gynandrous structure. The column 
formed by the union of the filaments and style, possesses, in the species 
of the genus StyUdivm^ a peculiar irritability. It hangs down on one 
side of the flower, and when touched at the point of flexure; it springs 
over with considerable force from one side to the other. If not too 
far advanced to maturity, the column will recover its former position 
in the course of time. The flower may be cut off carefully without 
disturbing the column, and the irritability continues for a consider- 
able length of time if the flower is put into water. The movement 
is said to be connected with the bursting of the anthers, and the dis- 
charge of the pollen on the stigma. The cause of this movement is 
very obscure, but it seems to depend on some changes in the cells 
(IT 497, 665). The plants are principally natives of marshy places in 
New Holland. Some are found at the southern point of South 
America. There are 5 known genera, and 121 species. Examples — 
Stylidium, Forstera. 

922. Order 110.— -Caniipaniiiaceastthe Hare-bell Family. {Mtynxypet. 
Epigyn,) (Fig. 635.) Cal 3 rx superior, usually 5-lobed (figs. 636, 637 c), 
sometimes 3-8-lobed, persistent. Corolla gamopetalous, inserted into 
the top of the calyx, usually 5-lobed (fig. 255), sometimes 3-8-lobed, 
regular, marcescent (fig. 461 e); asstivation valvate (figs. 636, 637 jo). 
Stamens inserted into the calyx, alternating with the coroUine lobes, and 
equjil to them in number; anthers bilocular, free (fig. 637 e); pollen 
spherical. Ovary more or less completely inferior, composed of two or 
more carpels; o-y^es indefinite (fig. 638); style simple, covered with 
collecting hairs (fig. 637); stigma naked, simple, or with as many 
lobes as there are ovarian cells (figs. 293 s, 637 s). Fruit capsular, 
crowned with the withered calyx and corolla, dehiscing in a loculicidal 
manner by lateral apertures (figs. 461 t <, 639), or by valves at the 
apex. Seeds 00, attached to a central placenta; embryo straight, in 
the axis of fleshy albumen; radicle pointing to the hilum (figs. 640- 
642). — Lactescent herbs or undershrubs, with alternate, rarely oppo- 
site, exstipulate leaves. The hairs on the style are said to be retrac&e, 
and seem to be connected -vrith the application of the pollen {% 499). 
The flowers in most instances belong to the cyanic series. They are 
natives chiefly of northern and temperate regions. They abound in 
the alpine regions of Europe and Asia, and are also frequent in North 
America. Alphonse De Candolle states, that the species whose capsule 
dehisces by lateral fissures are natives of the northern hemisphere, 
while those with apicilar dehiscence are principally found in the 
southern hemisphere. The milky juice found in the plants of this order 
has acrid properties. The roots and young shoots of Cempa/rsula Sa- 
puncidusj Rampion, are used as articles of diet. Lin<Rey enumerates 
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28 genera, including 500 species. Examples — Campanula, Phyteuma, 
Jsisione. 



923. Order 111.— -liOb«liaom« the Lobelia Family. {Monopet 
Epigyn.^ Calyx superior, 5-lobed or entire. Corolla gamopetalous, 
inserted on the calyx, irregular, more or less deeply 5-cleft. Stamens 
5, attached to the calyx, ^temate with the segments of the corolla ; 
anthers cohering; pollen oval Ovary inferior, 1-3-celled; ovules 00, 
attached either to central or parietal placentas; style glabrous, with a 
fringe of hairs below the stigma. Fruit a 1- or many-celled capsule, 
with apicilar dehiscence. Seeds numerous; embryo straight, in the 
axb of fleshy albumen; radicle pointing to the hilum.— Lactescent 
herbs or shrubs, with alternate, exstipulate leaves. They are found 


Figs. 685-642.— Organs of firacttfication of Campanula Rapnncnlns, Kampion, to illustrate the 
natural order Campanula<»6e. 

Pig. 635.— magram of the flower, showing flve divisions of the calvx, flve divisions of the 
coroSa alternating with them, flvo oitemating stamons, and five cells or the ovary. 

Fig. 636.— Flewer-bud. c, Cidyx adherent to the ovary. Corolla, with valvate sestivatlon. 

Pig. 687— Vertieid section of the flower. & Calyx cohering with the ovary, o. p, Gamo- 
petaiouB cordUa. e. Stamens with bilocular anthora Lobed stigma at the apex of the s^le, 
which is covered with collecting hairs, o. Ovary containing numerous ovules attached to a 
central placenta. ' 

rig. 688.— Horizontal section of the ovary. 

Fig. 689.— mit crowned by the limb of the calyx, dehiscing by openings at the base. 

Pig. 640. Sped in an entire state. 

Pig. 641. -Seed cat vertic^. p, Porisnenn (albnmen). e, Straight embryo In the axis of 
the ttibumeOiWith the radicle pointing to the 

Pig. 642.— ^bryo detached, showing its form, the cotyledons and radicle. 
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both in temperate and warm coxmtries. There are 27 known genera, 
and 375 species. Eoccmples — ^Lobelia, Siphocampyhis, Clintonia. 

924. Acridity prevails more or less in the order. The milky juice 
of some, such as Lobelia urens^ is said to be vesicant. Lobelia inflata^ 
Indian Tobacco, a native of North America, is used medicinally as a 
sedative, expectorant, and antispasmodic. It is chiefly administered in 
cases of asthma. The whole plant is active, but the root and capsules 
are said to be most powerful. In large doses, the pl^t acts as a nar- 
cotico-acrid poison. It owes its properties to a bitter principle called 
Lobelein. The root of Lobelia syjiMUtica is acrid and emetic. Tlie 
milky juice of some of the plants of the order contains a considerable 
quantity of caoutchouc. 

925. Order 112.— Oeaneracece, the Gesnera Family. (MonopeL 
Perigyn.') Cal)^ partially adlierent, 5-partite; sestivation valvate. 
Corolla monopetalous, tubular, more or less irregular, 5-lobed; sestiva- 
tion imbricated. Stamens 4, didyriamous, with the rudiment of a r)tli, 
rarely 2; anthers dithecal, with a thick swollen connective. Oviiry 
partly. free, unilocular, formed by two carpels with parietal placentas, 
which are 2-lobed; ovules indefinite, anatropal; style continuous with 
tlie ovary; stigma capitate, concave, glandular or annular. Disk sur- 
rounding the biise of the ovary. Fruit capsular or succulent, 1 -celled, 
more or less adherent. Seeds 00, minute; testa thin, finely and 
obliquely veined; embryo erect in the axis of fleshy albumen; radicle 
pointing to the hilum. — Herbs or shrubs, often springing from scaly 
tubers, with opposite or whorled, rugose, exstipulate leaves, and showy 
tiemers. They are found principally in the warmer regions of America, 
and are interesting chiefly on account of their beauty, for they do not 
appear to possess any important qualities. There are 22 known genera, 
and upwards of 120 species. Examples — Gesnera, Columnea, Gloxinia, 
Achimenes. 

926. Order 113. — Ericaccce, the Heath Family. {Monopet Hypog,) 
Calyx 4-5-clcft, nearly equal, persistent. Corolla inserted at the base 
of the calyx, or hypogynous, monopetalous (fig. 298), 4- 5-cleft, some- 
times tetra- or pentapetalous, regular or irregular, often marcescent ; 
ajstivation imbricated. Stamens definite, equi in number to the seg- 
ments of the corolla, or twice as many, inserted with the corolla, and 
either free from it or attached to its base; anthers 2 -ceU 0 d, cells hard 
and dry, bifid, (fig. 336), usually having appendages at the base 
(fig. 338 cl) or apex, dehiscing by apicilar pores (fig. 340) or clefts. 
Ovary free, surrounded at the base by a disk or scales, multilocular ; 
ovules* 00, attached to a central placenta; style 1, straight; stigma 1, 
undivided (fig. 408) or toothed. Fruit capsular or baccate, many- 
celled, with loculicidal or septicidal dehiscence. Seeds 00, minute ; 
embryo cylindrical, in the axis of fleshy albumen; radicle next the 
hilum. — Shrubs, undershrubs, or herbaceous plants, with evergreen. 
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often rigid, entire, verticillate, or opposite, exstipulate leaves. The 
order contains many beautiful and showy plants, which abound at the 
Gape of Good Hope, and which are found also in Europe, North and 
South America, and Asia. The order has been divided into the fol- 
lowing suborders:—!. Ericess, with the testa closely adherent to the 
kernel, including the true Heaths with naked buds, and the Rhododen- 
dron tribe with scaly conical buds. 2. Monotropese, seeds having a loose 
winged testa, including the true Monotropas or Kr-rapes, scaly plants, 
with longitudinally or transversely dehiscent anthers, and Pyroleie, or 
the Wintergreen tribes leafy plants with porous anthers. There are 
52 known genera, and nearly 880 species. Exampka — ^Erica, Calluna, 
Menziesia, Andromeda, Arbutus, Rhododendron, Azalea, Monotropa, 
Pyrola. 

927. The plants of the order are not distinguished for medicinal 
virtues. None of the species of Erica are put to any use. There are 
six species of the genus natives of Britain: two of which, E. cimrea and 
Tetralixj are common; two are peculiar to Ireland, E, Machaiana 
and mediterranea; one is restricted to England, E» ciliaris; and one is 
common to England and Ireland, E. vagans. Calluna vulgaris^ is 
Ling, or the common Heather. It has astringent qualities, and has 
been used for dyeing. It is commonly made into brooms. The leaves 
of Arbutus^ or Arctostaphylos Uva-Ursi, Bearbeny, are used as astrin- 
gents, especially in chronic mucous discharges. Many of the species 
of Ehododendron^ Azalea^ Kalmia^ Andromeda,, and Ledum,, have poi- 
sonous narcotic qualities. These properties arc well marked in Eho- 
dodendrom Ckrysandmm,, a Siberian species. It is said that Azalea 
pondca was the plant, the flowers of which yielded the poisonous honey 
noticed by Xenophon in his account of the retreat of the 10,000. 
The jOruits of many plants belonging to the order are eatable. GauU 
theria pi'ocMbens and Shallon arc American shrubs, which furnish 
succulent and grateM berries. They yield a volatile oil. Arbutus 
Unedo is called Strawberry-tree, from its fruit resembling a straw- 
berry in aspect. It is, however, by no means agreeable as an article 
of food, and the specific name may possibly indicate, that to eat one is 
sufiGicient. The plant grows at the Lakes of Killamey in a native 
state. Chimaphila [Pyrola) umbellata, a North American plant, has 
been employed as a tonic and diuretic. The leaves have a bitter 
astringent taste, and the fresh plant is irritant. 

928. Order 114. — ^Vaccinioceie, the Cranberry Family. {Mmopet, 
Epigyn, ) Calyx superior, entire, 4-6-lobed. Corolla monopetalous, 4-6- 
lobed; ssstivation imbricated. Stamens distinct, 8-12, inserted into an 
epigynous disk; anthers bilocular, with two hom-like cells, dehiscing 
by pores (fig. 835). Ov^ inferior, 4-5-celled; ovides 00; style sim- 
ple; stigma simple. Fruit succulent, crowned by the persistent limb of 
the calyx. Seeds 1 or many in each cell, minute; embryo straight, in 
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the axis of fleshy albumen ; cotyledoi;is short; radide long, inferior. 
— Shrubby plants, with alternate, imdivided, exstipulate leaves. They 
are dosdy allied to Ericacess, and differ from that order diiefly in their 
adherent (inferior) ovary. They are natives of temperate regions, and 
some of them are marsh plants. Some are astringent, others yield sub- 
acid e^ble ffuits. Cranberries are produced by Vacemam Oxycoeem 
(Oxycoccus pahistris of some), and V. macrocarpum V. Vitis-uicea, 
Red Whortleberry, or Cowberry, yields a flmit which is often used 
as a substitute for Cranberries. Ilie leaves of the plant are sometimes 
used to adulterate Uva-Ursi. F. uligmommy found in alpine districts, 
produces the black Whortleberry. Focczmwwi myrtUlvSy yields the 
Bilberry or Blaeberry. There are 15 genera of the order, and 200 
species. Examples — ^Vaednium, Oxycoccus, Thibaudia. 

929. Order 115. — Spacridacew, the Epacris Family. {Mompet 
Hypog,) Calyx 5- rarely 4-parted, often coloured, persistent. Co- 
rolla inserted at the base of the calyx, or hypogynous, deciduous or 
marcescent, monopetalous, sometimes separable into 5 petals; limb 
with 5, rarely 4, equal divisions, sometimes by the cohesion of the 
segments, bursting transversely; sestivation imbricated or valvate. 
Stamens inserted with or on the corolla, equal in number to, and 
alternate with its segments, rarely fewer; anthers 1 -celled (fig. 327), 
mthout appendages, opening longitudinally ; pollen round, or formed 
of three united grains, attached to a single central receptacle. Ovary 
sessile, free, multilocular, rarely unilocular, surrounded by scales at 
the base; ovules solitary or 00; style 1; stigma simple, sometimes 
toothed. Fruit drupaceous, baccate, or capsular. Seeds silbuminous; 
embryo slender, in the axis of fleshy albumen, and about half its length. 
— Shriibs, or small trees, with alternate, rarely opposite, exstipulate 
leaves, which are sometimes half-amplexicaul at the base. They are 
allied to Ericaceae, and seem to occupy the place of heaths in Australia. 
They are distinguished from heaths by the structure of their anthers. 
Tliey are cultivated for the beauty of their flowers. In some cases 
they yield edible firuits. One of the plants, called Native Currant in 
Australia, is Lemopogon Eklrn, The order has been divided into two 
sections: — 1. Epacreae, polyspermous. 2. Styphelieae, monospermous. 
Tliere are thirty known genera, and 320 species, according to Bindley. 
ExampUa — Epacris, Sprengelia, Styphelia, Lreucopogon, Lissanthc. 

930. Order 116. — Ooinmeiuaceie, the Columellia Family. (Mimopet. 
Epygn,) Calyx superior, quinquepartite. Corolla rotate, inserted 
into the calyx, 5-8-parted; aestivation imbricate. Stamens 2, in- 
serte^j^ the throat of the coroUa; anthers roundish, 3-lobed, extrorse, 
each cbnsisting of six linear sinuous cells, arranged in pairs, dehiscing 
louritudinaUy, and attached to a 3-lobed fleshy connective. Disk 
llemy, perigynous. Ovaiy adhering to the calycine tube, 2-celled; 
ovules 00; style simple, smooth; stigma capitate, 2-lobed. Fruit, "a 
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bilocular^ bivalvtdar capsule, wkh both sepdcidal and loculicidal 
dehiscence. Seeds 00; testa smooth and coricaceons; embiyo straight, 
in lihe axis of fle^y albumen; cotyledons oval, obtuse; r^de long, 
pointing to the* hilum. — ^Evergreen shrubs or trees, with opposite, 
entire, exstipulate leaves, and solitary yellow flowers. Natives of 
Mexico and Peru. Their properties unknown. There is 1 genus 
mentioned, inclteding 8 species. Example — Columellia. 

981. Order 117. — stFmcaceEe (Symplocmese of Don), the Storax 
Family. {Mmwpet Perygn,) Calyx persistent, with an entire or a 5- 
or 4-divided limb. Corolla gamopetalous, regular, inserted in the 
calyx; SBStivation imbricated or valvate. Stamens definite or 00, 
attached to the coroUine tube, of unequal length; filaments often 
slightly united at their base in one or more parcels; anthers innate, 
di&ecal, introrse. Ovary either free or cohering more or less to the 
calycine tube, 2-5-celled, the septa occasionally deficient towards the 
centre; ovules 2-4 in each cell or 00, pendulous, sometimes the upper 
ones ascending; style simple; stigma simple. Fruit enclosed in the 
calyx, drupacehus, usually uniloci^[ar by abortion. Seeds usually soli- 
tary, erect or suspended; embryo slender, in the axis of fleshy albu- 
men; cotyledons fiat, foli^eous; radicle long, pointing to the hilum. 
— ^Trees or shrubs, with alternate, exstipula-te leaves, and frequently 
stellate hairs. They are chiefiy natives of warm countries. There are 
two sections:—!. Styracese, with a more or less valvate aestivation of 
the corolla, and long anthers. 2. Symplocese, with a quincundal 
coroUine aestivation, and roundish anthers. Lindley gives 6 genera, 
including 115 species. Examples — Styrax, Halesia, Symplocos. 

982. The plants of the order have in general stimulant, aromatic, 
and fragrant properties. Styrax officinale^ a tree inhabiting Syria, 
Arabia, and the southern parts of Europe, is supposed to be the source 
of the balsamic resinous substance caUed Storax. The resinous juice 
is procured after incisions or punctures by insects. Common Storax 
is imported into Britain from Trieste, in the form of little cakes, having 
a balsamic odour. Besides resin and a little volatile oil, it contains 
fix)m 1 to 2 J per cent, of benzoic acid. It has been employed medi- 
cinally as a pectoral remedy. Styrax Benzoin is a tree 70 or 80 feet 
high, a native of Sumatra and Borneo, which yields by incisions the 
concrete balsamic exudation called Benzoin. When fine, this substance 
contains about 80 per cent, of resin, and nearly 20 of benzoic acid. 
It is used medicinally as a stimulant expectorant, and is one of the 
ingredients in the celebrated Friar’s balsam. It exists also in other 
empirioal^emedies, such as Elga balsam and Jesuits’ drops. Be||^oin is 
generSDy used for fumigation and incense. Pastilles are made mix- 
ing it with balsam of tolu, sandal-wood, labdanum, charcoal, nitre, gunj, 
and tr^acanth. Haksias are the Snow-drop trees of Carolina. Some 
of the species of Symplocos are used for dyeing; others are used as tea. 
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933. Order 1 18.-4lmace», the Ebony Family. {Mompet 
Flowers hermaphrodite ' or nnisexual Calyx 3-7-divided, nearly 
equal, persistent. OoroSa gamopetalous, regniar, deciduous, somewhat 
coriaceous; limb with 3-7 divisions; aestivation imbricated. StMuens 
either attached to the corolla, or hypogynous, 2 or 4 times as many as the 
oorolline segments, rarely equal to them in number, and then alternate 
with them; filaments usually in two rows, the inner row having smaller 
anl^ers; anthers erect, lanceolate, bilocular, with longitudind dehis- 
cence. Ovary firee, sessile, multilocular; ovules 1-2 in each cell, pen- 
dulous; style divided, rardy simple; stigmas bifid or simple. Fruit 
fieshy, round or oval, the pericarp sometimes opening regularly. 
Seeds few; testa membranous; embryo straight, nearly in the axis of 
cartilaginous albumen; cotyledons leafy; radicle taper, next the 
hilum. — ^Trees or shrubs, not lactescent, with alternate, exstipulate, 
coriaceous leaves. They are chiefiy found in tropical regions, and 
many species are met with in Ind^ The plants are in general 
remarkable for the hardness and durability of their wood. Some yield 
edible fruit. IHospyros Ehenm^ and other African and Asiatic species, 
supply Ebony, which is the black duramen of the tree. Other species 
of JDiosjtyros fiamish Ironwood. Dio^yros virginianxij the Persimmon, 
yields a fiuit (sometimes called the Date-plum) which is austere when 
green, but becomes sweet and eatable when ripe, especially after 
being acted on by frost. 2). Kaki is the Keg-fig of Japan, the fruit 
of which resembles a plum. Lindley notices 9 genera, including 160 
species. 2?a;awj[7ife»^I)iospyros, lioyena, Maba. 

934. Order 119. — AqHtfoiiacew (Ilicinese of some), the Holly Family. 
(Monopet. Hypog.) Sepals 4-6 ; aestivation imbricat^ CoroUa mono- 
petalous, hypogynous, 4-6-parted; aestivation imbricate. Stamens 
inserted into the corolla, alternate with its segments, and equal to 
them in number; filaments straight; anthers adnate, bilocular, in- 
trorse. Disk 0. Ovary free, fleshy, somewhat truncate, 2-6-ceIled ; 
ovules solitary, anatropal, pendulous from a cup-shaped ftiniculus; 
stigma nearly sessile, lobed. Fruit fleshy, indchiscent, with 2-6 mono- 
spermous nucules, and hence it is sometimes called a nuculanium 
(IT 553). Seed suspended; albumen large, fleshy; embryo small, lying, 
next the hilum; cotyledons small; radide superior. — ^Evergreen trees 
or shrubs, with alternate or opposite, coriaceous, simple, exstipulate 
leaves. They are found in various parts of the world, as in Europe, 
North and South America, and Africa. Lindley enumerates 11 genera, 
including 110 species. Examples — ^Ilex, Prinos. 

93$. Astringent and tonic properties seem to pervade the order. 
Ilex AguifoUim^ the common Holly, is a native of Europe, and is one of 
tlie indigenous plants of Britain. It forms excellent fences and hedges. 
At lynningham, in Scotland, there are 2952 yards of holly hedges, most 
of them upwards of 130 years old. Tliese badges vary in height from 

2 Or 
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10 to 23 feet, and they are 9 to 13 feet wide at the base. The leaves 
and bark of the Holly are said to possess tonic and febrihige-properties; 
while its succulent jfiruit (berries) are emetic and purgative. Its wood is 
whitie and hard, and is much esteemed in turnery, joinery, and cabinet 
woprk, while its bark furnishes birdlime. Hex Paraguayenm furnishes 
Yeiba Mati6 or Paraguay Tea, which is used extensively in some districts 
of South America. Ibe leaves of the plant yield the bitter principle 
called Theine, which has been mentioned as existing in tea and coffee. 
Other species of Ilex are employed in Brazil for a similar purpose. 
The black drink of the Creek Indians is prepared from the leaves of* 
Il&x vomitoria. 

936. Order 120. — Sapotaceie, the Sappodilla Family. {Mompet 
Hypog,) Flowers hermaphrodite. Calyx regular, with 5, sometimes 
4-8 ^visions, persistent; Aestivation valvate or imbricate. Corolla 
monopetalous, hypogynous, deciduous, regular, its lobes equal to, rarely 
twice or thrice as many as, those of the calyx. Stamens inserted on 
the corolla, definite, distinct; fertile ones as many as, rarely more 
than, the segments of the calyx, with which they alternate; sterile 
ones alternating with the fertile ones, rarely wanting. Disk 0. Ovary 
free, multilocular; ovules solitary, anatropal, ascending or pendulous; 
style 1; stigma simple, sometimes lobed. Fruit fleshy, multilocular, 
or by abortion unilocular. Seeds nut-like, solitary; testa bony and 
shining, with a long scar on its inner face; embryo large, erect, white ; 
albumen usually fleshy, sometimes 0; cotyledons in the albuminous 
seeds, foliaceous, in the exalbuminous, fleshy; radicle straight or 
slightly curved, pointing to the hilum. — ^Lactescent trees or shrubs, 
with alternate, exstipulate, entire, coriaceous leaves. They are natives 
chiefly of the tropical parts of India, Africa, and America. The num- 
ber of known genera noticed by lindley is 21, species 212. 

937. Many of the plants of this order yield edible fruits, while: 
others supply oily matter. Some act as tonics, astringents, and febri- 
fiiges. Achras Sapota^ and other species, furnish the Sappodilla Plum 
and Nasebeny, well-known West Indian fruits; while Achras Tmnmma 
yields the fruit called Marmalade. The bark of some of the species 
of Achras is tonic and astringent, and the seeds of several have laxa- 
tive properties. The fruit of Chrysophyllum Gednito is the Star-apple. 
AnoOier species of the genus supplies the Surinam Medlar of Euro- 
peans. Various species of Bassia yield oil. B. Parhii is said to be 
the source of the Shea butter, and hence the tree is called the 
Butter-tree of Park. B. hutyraceOf the Madhuca-tree, gives a similar 
product, which is used as butter in Nipal. The milky juice of some 
of the plants contains elastic matter. Isonandra Outta is the source 
of Gutta Percha, a kind of caoutchouc, which softens at a moderate 
temperature, and is now extensively used for the soles of shoes, ropes, 
straps, casts, and various articles for domestic use. 
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988 Order 121. — ^siyninaccte* the Myrsine Family. {Mompet 
Hypog.) Flowers hermaphrodite or occasionally unisexual. Calyx 

4- 5-cleft, persistent. Corolla monopetalous, hypogynous, 4-5-cleft, 
equal Stamens 4-5, inserted into the corolla, and opposite to its 
segments ; filaments ^tmct, rarely united, sometimes 0, occasionally 5 
sterile petaloid alternating ones; anthers sagittate, erect, bilocular, 
with longitudinal dehiscence. Ovaiy free or slightly adherent, unilo- 
cular ; ovules definite or indefinite, campylotropal, immersed in a firee 
centr^ placenta ; style single ; stigma simple or lobed. Fruit fleshy, 
1- or many-seeded. Seeds angular or roundish, with a concave hilum, 
and a membranous spermoderm; albumen horny; enibiyo usually 
curved, often heterotropal ; cotyledons short ; radicle horizontal when 
the seed is solitary, inferior when there are several seeds. — ^Trees, 
shrubs, or tlndershrubs, with alternate or opposite, coriaceous, exsti- 
pulate leaves. They are much restricted as regards their geographical 
limits, and they are said to abound chiefly in islands with an equable 
temperature. They are found in Africa, Asia, and America. Little 
is known regarding their properties. Theophrasta Jussimi is a prickly- 
leaved shrub, which is called Coco in St. Domingo. Its seeds are 
eatable, and a kind of bread is made from them. The Ardisias are 
prized for the beauty of their foliage. There are 31 known genera, 
and 325 species. Examples — Myrsme, Ardisia, Maesa, Jacquinia. 

939. Order 122. — jraMmioacefet the Jasmine or Jessamine Family. 
{Monopet Hifpog,) Flowers § . Caljrx with 5-8 divisions or teeth, per- 
sistent. Corolla monopetalous, hypogynous, regular, salver-shaped, with 

5- 8 divisions ; estivation twisted or valvate. Stamens 2, inserted on 
the corolla, included ; anthers bilocular, with longitudinal deliiscence. 
Disk 0. Ovary free, 2-celled ; ovules erect, anatropal, 1-4 in each 
cell ; style 1 ; stigma 2-lobcd. Fruit a double berry, or a pyxidium, 
or a 2-valved capsule. Seeds usually solitary, rarely in pairs, albu- 
minous or exalbuminous ; embryo straight ; radicle inferior. — Shrubs, 
often with twining stems, and opposite or alternate, pinnate leaves. 
They abound chidly in the tropic^ parts of India. They have fre- 
quently fragrant flowers which yield oils, and their leaves and roots 
are sometimes bitter. The essential oil of Jasmine is procured from 
Jasrmmm officinxile, grandiflorum^ odoratissimum^ and Samhac. There 
are 5 known genera, and 100 species. Examples — Jasminum, Nyc- 
tanthes, Bolivaria. 

940. Order 123.— Oleaeece, the Olive Family. {Monopet Hypog.) 
(Fig. 254.) Flowers J , sometimes S J . Calyx gamosepalous, divided, 
persistent. Corolla gamopetalous, hypogynous, 4-cleft, sometimes of 
4 petals which are connected in pairs by means of the filaments, some- 
times 0 ; aestivation somewhat valvate. Stamens 2 (rarely 4), alternate 
with tile corolline segments ; anthers dithecal, with longitudinal deliis- 
cence. Disk 0. Ovary free, 2-celled ; ovules in pairs, collateral or 
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pendulous ; style 1 or 0 ; stigma entire or bifid. Fruit drupaceous, 
baccate or capsular, sometimes samaroid (fig. 437). Seeds often by 
abortion solitary ; albumen dense, fleshy, abundant ; embryo straight, 
about half the length of the albumen; cotyledons leafy; radicle 
superior. — ^Trees or shrubs, with opposite leaves (fig. 254), which are 
ei&er simple or compound. Foimd chiefly in temperate regions. 
They occur in North America, Asia, Europe, and New Holland. 
There are two sections of the order ; — 1. Oleaj, with a drupaceous or 
berried fhiit* 2. Fraxineae, with a samaroid (winged) fruit. Lindley 
mentions 24 genera, including 130 species. Examples — Olea, Ligus- 
trum, Fraxinus, Syringa. 

941. The plants of the order are bitter, tonic, and astringent, and 
some yield fixed oil. OUa earopcsa is the Olive-tree, the m of the 
Bible, the of the Greeks. It grows naturally on the coast of 
the Mediterranean, and is cultivated in many parts of the south of 
Europe. There are several varieties of the plant, two of which have 
been long distinguished — ^the wild and cultivated. The former is an 
evergreen shrub or low tree, with spiny branches and round twigs ; 
the latter is a taller tree, without spines, and with four-angled twigs. 
The ihiit is a drupe, about the size and colour of a damson. Its fleshy 
pericarp yields by expression olive oil, of which the finest comes from 
Provence and Florence. It consists of two oleaginous principles — 
Margarin and Elain. Olive oil has nutrient, emollient, and laxative 
properties. It is used in forming ointments, liniments, and plasters. 
The bark of the Olive-tree has been used as a tonic ; and a resinous 
exudation from it, called Olivile, or Olive-gum, or Lecca-gum, is em- 
ployed in the same way. Spanish or Castile soap is made by mixing 
olive oil and soda, while soft soap is made by mixing the oil with 
potash. The flowers of Olea fragrans^ the Lan-hoa of the Chinese, are 
used to perfume teas. Several species of Ormis, more particularly 
O. roiundifoUa and 0. eunpcea, yield a sweet exudation called Manna, 
a substance completely different from the p (manna) of the Bible, on 
which the Israelites fed. The Manna or Flowering Ash is a native 
of southern Europe, and grows abundantly in the south of Italy and 
Sicily, .whence the Manna of commerce is imported. Tlie tree attains 
a height , of 20 or 30 feet, and it has a fine appearance when its clusters 
of white flowers are produced. There is a very fine Manna-ash in the 
Edinburgh Botanic Garden. Manna is the concrete juice of the tree, 
which flows out after incisions or insect punctures. It contains a 
peculiar sweet principle called Mannite. Manna is nutritive and laxa- 
tive, and is sometimes administered to infants and young children, on 
account of the mildness of its action. Syringa vulgaris^ common Lilac, 
has a febrifuge bark. Fraxinus eoccelsior^ the common Ash, is one of 
the trees which comes late into leaf, and the leaves of which fall off 
early in autumn. Some specimens attain tlie height of 70, 90, or 
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100 feet, with n circamference of 20 or 30 feet. The wood of the 
tree is tough and elastic, and is used for oars, as well as by*coach- 
mjikers, &c. The wood of its roots is beautifully veined. The pendu- 
lous variety, catted Weeping-ash, is often engrafted on the common 
Ash, so as to produce a better effect. The leaves of Ligustrum vulgaire^ 
common Trivet {fig. 254), are astringent. L. lucidum yields a kind, of 
waxy excretion, which is used in China for economical purposes. 

942. Order 124. — ^Asciepiadacete, the Asdepias Family. (Monqpet 

(®^gs. 353, 643-651.) Cal 3 rx 5-&vided, persistent (fig. 
646 c). Corolla synpetalous (monopetalous), hypogynous, regular, 
5-lobed (figs. 644, 645 p p)^ deciduous; aestivation imbricate, rarely 
valvate. Stamens 5, inserted into the base of the corolla, and alternate 
^vith its segments (fig. 646 e); filaments usually combined so as 
to form a tube; staminal tube rarely naked behind, generally fur- 
nished with a corona (crown) of vqriously-formed leaves, which are 
cither distinct or connate. Anthers bilocular, each cell sometimes 
spuriously divided; pollen, when the anther dehisces,' cohering in 
masses (poUinia), which are either as numerous as the cells, or are 
confluent in pairs, and adhere to the five stigmatic processes, either in 
sets of two or four, or singly (figs. 349, 353, 647). Ovaries 2 (fig. 
646 o); ovules 00; styles 2, closely approaching each other (fig. 646 s), 
often very short; stigma common to both styles, dilated, qiiinquangu- 
lar; the angles furnished with cartilaginous corpuscles which retain 
the pollinia, or with glands (figs. 645, 646 g). Fruit consisting of two 
follicles (sometimes only one by abortion), having a placenta on the 
ventral suture (fig. 649). Seeds 00, imbricate, pendulous, usually 
comose (htdry) at the hilum (fig. 650); albumen thin (fig. 651 |>); 
embiyo straight; cotyledons leafy; radicle superior (fig. 651 e ), — 
Shrubs, or occasionally herbs, usually with milky juice, and often 
twining. The leaves are usually opposite, sometimes alternate or 
verticillate, with interpetiolary cilia in place of stipides. The gynoste- 
gium (ywpai, pistil, and o-reyfii, I cover), staminal crown or peculiar- 
hooded (cucullate) appendages, prolonged from the tube of the 
filaments, which occur in many of the plants of this order give a 
peculiar aspect to their flower (see fig. 353)w They inhabit chiefly 
warm and tropical regions, but many species extend to northern 
climates. Many succulent species are found in the south of Africa. 
Lindley enuma*&,tes 141 genera, including 910 species. Eosamples — 
Feriploca, Asdepias, Calotropis, Cynanchum, Gonolobus, Stapelia, 
Hoya, Dischidia. 

943. The plants of the order have acrid, purgative, emetic, and 

diaphoretic properties. 3^e millay juice is usually bitter and acrid, 
but occasionally it is blsmd, and is used as milk, as in the case of 
Qymmrna the Cow-plant of Ceylon. AschpioB tuberosa^ the 

Butterfly-weed, or Pleurisy-root, is used as a cathartic and diaphoretic 
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in Noi^ili America. The emetic properties of Asclepm curassavka 
have secured for it the name of Wild Ipecacuanha, in the West Indies. 
The leaves of Solemstemma {Cynanchum) Argel^ are used to adulterate 



Figs. 648-661. — Organs of flructilication of ABclcpias nivca, to illustrate the natural order 
Asdq>iadaceie. 

Fig. 643.--Ittagraro of the Flower, with five divisions of the calyx, five segments of the coroUa. 
five stamensjand two ovariea ^ 

Fig. 644.— The entire flower. j>, CoilM^ With five lobes, o. Appendages forming the staminal 

Fig. W— ’Ae flower viewed froni -above, p j>, Gamopetalous corolla with its five lobes 
a a, Appendages forming the corontf or crown, g p. Glandular bodies attached to the sticma 
and beaxlng the pollen-masseB (poUlnia). ” 

Fig. 646.— The flower cot vertically, c, Calyx, Corolla, a o. Coronal appendagea e Sta- 
mena o, Ovary, s, Styles which are united at the upper part by means of the large stiginu 
at the base of which, towards th€| points i) p^ the pollen tubes enter. ’ 

Wg. 647.— Tw ^len-maases, ^ at^hed by two prolongations, p, in the form of a caudide 
or tail, to another body, p, formed by the union of two stigmatic glimds. Pollon-grains with 
tubes beginning to escape from the TnRiwf.i^. ^ 

Fig. One of the poUea-j^ns, with its tnbe separated and highly magnified. 

BJg. 646.— Fruit at the period of dehiscence. //, Two foUides. p, I’lacenta, which is de- 
tached. p, Comose needa. ’ 

Fig. 660.— One of the comose seeds separated, a. The hairy appendage at the hilum. 

Fig. 661.— Seed separated from the hairs and cut vertically, t e. External integument ti In- 
t«nid P^spenn or thin albumen, e, Emlnyo, with leafy cotyledons ’and 
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Alexandrian Senna. The fragrant roots of Hemidemm irUIkm are 
used in Madras as a substitute for Sarsaparilla, under the name of 
Country Sarza. The bark of the root of several species of CalotropiBy 
such as (7. procercLf Hamiltomi^ ^isAgiganUa^ furnish the substance ci^ed 
Mudar, which is used as a diaphoretic in India. It contains a principle 
called Mudarine, which gelatinizes on being heated, and becomes fluid 
on cooling. Cyrmudium mcmspelutcum furnishes Mon^eUier Scammony, 
and Penphca rmuritiana is Ihe source of Bourbon Scammony. Both 
of these substances act as purgatives, and are used to adulterate true 
Scammony. Marsdenia timtoria and Ghfmnmia tingem are said to 
yield a dye similar to indigo. The milky juice of many of the plants 
contains caoutchouc in its composition. Hoya carrma receives the 
name of wax-flower from the peculiar aspect of its blossoms. Dis- 
cMdia Rafflesiarui^ an Indian cHmber, has remarkable ascidia (T 164). 
The Stapelias are singular plants, resembling some of the Cactuses and 
Euphorbias. Their blossoms are often very fetid, and hence they are 
called Carrion flowers. Some of the species of Asclepias receive the 
name of Wild Cotton, on account of the hairs attached to their seeds. 
Gomphocatpiis fw-cticosus is the silk-plant of Madeira. 

944. Order 125. — ^Apocrnaccie, the Dogbane Family. {Mmiopet 
Hypog.) Calyx usually 5-partite, persistent. Corolla hypogynous, 
gamopetalous, regular, usually 5-lobed, deciduous; aestivation con- 
torted, twisting in some cases to the right, in others to the left. Sta- 
mens 5, inserted on the corolla, alternate with its segments; filaments 
distinct; anthers 2-celled, dehiscing longitudinally; pollen granular, 
gl(^bose, or 3-lobed, immediately applied to the stigma.. Ovaries 2, 
and each unilocular, or uni-, and bilocular; ovules 00; styles 2 or 1; 
stigma 1, with a contraction in the middle. Fruit follicular or capsu- 
lar, or drupaceous or baccate, double or single. Seeds 00, rarely 
definite, usually pendulous; albumen cartilaginous or fleshy, rarely 0; 
embryo foliaceous; radicle turned towards the hilum, — ^Trees or shnibs, 
usually lactescent, with entire, generally opposite, exstipulate leaves, 
^vith interpetiolary cilia or glands. They are chiefly found in tropical 
regions. Lindley enumerates 100 genera, including 566 species. 
Eocamples — ^Apocynum, Echites, Nerium, Balfouria, Vinca, Tanghinia, 
Plumieria, Carissa. 

945. Many of . the plants of this order are poisonous. Some are 
usi'd medicinally, as cathartics, and there are a few which yield edible 
fruits. The order is in gener^ to be regarded with suspicion. One 
of the most deadly plants of the order is Tanghima vmemta {Cerbera 
Tanghin), the see^ of which supply the famous Tanghin poison, used 
formerly in Madagascar as an ordeal in cases of crimiaais. Nerium 
Oleander, the common Oleander, is poisonous. The stomata of its 
leaves are formed by means of cellular hair-like processes (fig. 76), 
and the anthers are terminated by feathery appendages (fig. 834). 
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Ttte roots of Apocymm <mmaMnym and androscBmyblhm ^ said to 
be The Fmcos, Periwinkles, are astringent and acrid. Alla- 

manda cathartica, a native of Ceylon and Java, is emetic and cathartic. 
Although the mill^ juice is generally acrid, still in some instances it 
is bland. Thus, the juice of Tahemcmontana utiUs^ Hya-hya, the Cow- 
tree or Milk-tree of Demerara, is used as milk. Many of the plants, 
such as Urceola elasUca and Vahea gurnmifera, supply caoutchouc. 
Wrightia tinctoria yields a dye like Indigo. Aspidosperma eoccelmm 
is a Guiana tree, remarkable for the sinuous arrangement of its wood, 
whicsh gives the stem a deeply-fluted appearance. 

946. Order 126. — i^oKaniaceie, the Lpgania Family. (Mmwpet 
Hgpog.) Calyx 4-5- partite (fig. 287 c); aestivation valvate or imbri- 
cate. Corolla hypogynous, regular or irregular, 4-5- or lO-divided 
(fig. 287 t Z); sestivation convolute or valvate. Stamens inserted on 
the corolla, 5 or 1, not always corresponding with the divisions of the 
corolla; pollen elliptical or triangular, simple, or marked with three 
bands.' Ovary free, usually 2 -celled; ovules 00 or solitary, peltate 
and amphitropal, or ascen^g and anatropal. Fruit a 2-celled cap- 
sule, with placentas finally becoming loose; or a nuculanium with 
1 or 2-seeded nuciiles; or baccate, with seeds immersed in a pulp. 
Seeds usually peltate, sometimes winged; albumen fleshy or cartila- 
ginous; embryo small; radicle turned towards the hilum, or parallel 
with it. — Shrubs, herbs, or trees, with opposite, entire leaves, and 
usually with stipules, whicli adhere to the footstalks, or form inter- 
petiolary sheaths. They inhabit chiefly tropical and warm climates. 
The order is divided into three suborders: — 1. Loganiece, aestivation 
of coroUa convolute, fiiiit a bilocular capsule or nuculanimn, seeds 
peltate, sometimes winged. 2. Strychneae, ajstivation of corolla val- 
vate, ficuit a*2-3-ceUed berry or'capsule, seeds peltate, embryo rather 
large. 3. SpigelieaB, aestivation of corolla valvate, fruit a didymous 
capsule, seeds apterous, embryo small, cotyledons inconspicuous. 
Hiere are about 24 known genera, and nearly 170 species. Examples 
V-Logania, PotaJia, Strychnos, Spigelia. 

947. The plants of this order are highly poisonous. They act 
energetically on the spinal marrow, causing tetanic spasms, or they 
produce narcotic symptoms by acting on the brain. Many are very 
bittor, and a few are tonic Strychnos Nux- Fowica, the Poison-nut or 
Eoo<^la, a tree which abounds on the Malabar and Coromandel coasts, 
ai;i|>]p]ies the substance called Nux-Vomica. It yields frmt of the size 
Sim :i^pearaaoe of an orange, with a coriaceous reddish integument, 
endbimg a.murilaginous p^p. The seeds, which are imbedded in 
the ^ulp, are the ofBcinal part of the plant. They are circular and 
fiat, umbilical on one' su^ace, and are thickly covered with brown 
silky hairs. All parts of the plant, especially the seeds and bark, are 
^intienaely bitter. The seeds oont^ two alkaloids, Strychnia and 
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Brucia, to which they owe their poisonous properties. These alkaloids 
occur in combination with Igasuric or Strychnic acid. Nux-Vomica 
and Strychnia, in poisonous doses, cause death by producing tetanic 
spasms in the muscles of respiration. The bark of the Nux-Vomica 
tree is the false Angustura bark, and the wood is often called Snake- 
wood. Strychnia exists in otlier species of Strychmsy as S- Ignatiu 
(Igrhotia amara)y St, Ignatius’s Bean, S. coluJbrina and S- Ugustrina^ 
Snake-wood, S, Tieute\ the source of a Java poison called Upas 
Tieutc. It is also said to e.xist in the Woorali or Ourari poison of Guiana, 
which some consider to be the produce of S, Umcaria or gukmmm. 
The effects of this last-mentioned poison, however, do not seern tt* 
agree with those of Strychnia. Strychnia stimulates the spinal coi?d 
without affecting the function of the brain. It causes convulsive 
twitches of the muscles of the arms and legs, and hence it has been 
recommended in cases of chronic palsy, unconnected with any signs 
of locfd irritation or determination of blood to the head. Its adminis- 
tration requires great caution, as f of a grain have been known to 
produce alarming lock-jaw, and ^ of a grain has killed a dog. Some 
species of Strychnos seem not to possess a poisonous principle in large 
quantity, for they are *used as tonics and febrifuges. Among them 
)nay be noticed Strychnos potatorum and pseudoquina. The former is 
called Clearing-nut, and is used in India for purifying water. The 
root of Spigelia marilandtcay Carolina Pink-root (fig. 287), is used as 
iin anthelmintic, more particularly in the United States. S. Anthelmkiy 
Guiana Pink-root, is employed in Deinerara for a similai* purpose. 
Tliese plants also possess narcotic qualities. 

U43. Order 127.— €}eiiiJaiiacc», the Gentian Family. (MiQViopct, 
llypog,) (See fig. 248.) Calyx gamosepalous, usually in 5:divisions, 
sometimes 4-6-8 or 10 divisions, persistent CoroUa gamopetalous, 
hypogynous, usually regular and marcescent ; limb sometimes fringed, 
divided into as many lobes as the calyx ; wstivation plaited or imbri- 
cate-twisted. Stamens inserted upon the coroUa, alternate with its 
segments, and equal to them in number, some of them occasionally 
abortive. Ovary composed of 2 carpels, unilocular or partially bilo- 
cular (fig. 389); ovules 00, anatropd; style 1, continuous; stigmas 
1 or 2. Fruit capsular or baccate, 1 -celled (fig. 389), usually bival- 
vular, with sepdcidal, or rarely loculicidal dehiscence. Seeds 00, small; 
eml^ryo straight, minute, in the axis of soft fleshy albumen ; radicle 
next the hilum. — Herbs, seldom shrubs, with opposite (fig. 248), rarely 
alternate, entire or divided, exstipulate leaves, which are often 3-d- ' 
ribbed. The plants of the order are distributed generally over the 
globe, inhabiting both cold and warm regions. They are rare in the 
arctic and antarctic islands. They exhibit great varieties of colours, 
and many are prized for their beauty. There are two suborders 
1. Gentianese, aestivation of corolla imbricate-twisted, leaves opposite, 
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simple, and entire. 2. Meuyanthes^, sBstivation of corolla plaited or 
indupUcate, leaves usually alternate and compound, or divided. Lind- 
Im mentions 60 genera, including 450 species. Examples — Gentiana, 
Cnironia, Agathotes, Erythrsea, Chlora, Menyanthes, Villarsia. 

949l The general property of the plants of this order is bitterness, 
which pervades all their organs. Hence they are used as tonics. The 
medicinal gentian is the root of Gentiam lutea^ a plant which grows 
abundantly on the Pyrenees, and on the Alps of Switzerland and 
Austria, usually at an elevation of 3000 to 5000 feet. It produces 
showy yeUow flowers, and its root is yellow internally. It is adminis- 
tered in the form of extract, infusion, tincture, and wine, as a tonic. 
Its roots are often mixed with the roots of other species, such as Gen- 
tiana pmctatOj purpurea^ and pannonica, Gentiana Kurroo of the 
Himalayas has simihur properties. The British species, Gentiana cam- 
pestris and AwareZfot, have also been used as bitter tonics. The officinal 
Chiretta is the herb and root of Agathotes Ckirayta {Ophelia Chirata\ 
a herbaceous plant found in the Himalayas. The whole plant is bitter, 
and has been long used in Bengal as a tonic and stomachic. The 
flowering cymes of Erythrcea Centaurium^ common centaury (fig. 248), 
are used as a substitute for gentian, and so are the leaves of Menyan- 
thes trifoliata^ Buck-bean, Marsh-trefoil, or Bog-bean. The roots of 
Frasera Walteri sometimes receive the name of American Calumba. 

950. Order 128. — ^BtanoniAceie, the Trumpet-flower Family. {Mono- 
pet Ilypog,) Calyx divided or entire, sometimes spathaceous. Co- 
rolla monopetalous, hypogynous, usually irregular, 4-5-lobed. Stamens 
5 and xmequal, or 4 and didynamous, some of them occasionally 
sterile; anthers bilocular. Disk annular or glandular. Ovary superior, 

1- 2-celled, each cell being often spuriously divided; ovules indeflrute; 
style 1 ; stigma bilsunellar (fig. 406), or 2-4-cleft or entire. Fruit a 

2- celled (sometimes spuriously 4-celled) and 2-valved capsule, occa- 
sionally succulent. Placentas parietal, sometimes extending to the 
centre, and forming a spurious dissepiment, which finally septirates, 
bearing the seeds. Seeds winged or wingless, often flat and com- 
pressed exalbuminous ; embryo straight ; radicle next the hilum. — 
Trees, shrubs, or herbs, with opposite, rarely alternate, exstipulate 
leaves. They abound generally in tropical regions, but some of them 
are widely distributed. The order has been divided into four sub- 
orders : — 1. Bignoniese, capsule 2-valved, 2-celled, sometimes spuri- 
ously 4-celled, with a dissepiment parallel or contrary to the valves, 
at length free, bearing the seeds, which are transverse, compressed, 
and winged. 2. Cyrtandreas (Didymocarpea^), ftuit succulent or capsu- 
lar, or ^quose and 2-valved, seeds small, ovate, or cylindrical, sus- 
pe^ed, apterous, sometimes comose. 3. Crescentiess, finiit woody, and 
melon-shaped, enclosing large seeds which are immersed in the pulp of 
the placentas. 4. PedaliesB, ftuit drupaceous, rarely capsuhir and 
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2- valved, spuriously many-celled; seeds few, large and apterous, pendu- 
lous, erect or transverse. These are reckoned separate orders by many. 
There are upwards of 100 known genera, and about 650 species. 
Exampka — ^Bignonia, Spathodea^ Eccremocarpus, Cyrtandra, Didy- 
mocarpus, Crescentia, Pedalium, Sesamum. 

951. There are many showy plants in this order. Their flowers 
are frequently large and trumpet-shaped. None of them are noted 
for marked medicinal properties. Some are timber trees, others fur- 
nish dyes and articles of diet, while a few have bitter and astringent 
qualities. The species of Bignmia arc conspicuous objects in tropical 
forests. Their wood sometimes exhibits a crucial arrangement (fig. 
107.) From Bigrwnia Chica^ the Indians extract a red ochreous colour- 
ing matter, with which they paint their bodies. Crescentia CujeU^ 
the Calabash-tree, is found in the tropical regions of America, and pro- 
duces a large melon-like fruit, containing a slightly acid pulp which is 
sometimes eaten. Its pericarp is hard, and after removal of the pulp 
it is used as cups and bottles. Teel seeds, the produce of Sesamura 
arimtaky supply a bland oil, called by the Arabs Siritch. It is used 
imder the name of gingfiee oil to adulterate oil of almonds. The fruit 
of the species of Uncaria and Martyniay tlic Unicom-plant, is furnished 
with hooked processes. In the perfect fruit of Pretrea {Martynia) 
Zanguebancay there are 6 cells formed by the mode in which the 
placentas unite, and of these cells two are seedless. 

952. Order 129. — ^Poiemoniaccfe, the Phlox Family. (MmcpeL 
Hypog,) Calyx inferior, in 5 divisions, persistent, sometimes irregular. 
Corolla regular, rarely irregular, 5-lobed. Stamens 5, inserted on 
the middle of the tube of the coroUa, and alternate with its segments ; 
pollen often blue. Disk lobed. Ovary free, 3-ceIled; ovules ana- 
tropal or amphitropaJ ; style simple ; stigma trifid. Fruit a 3-celled, 

3- valved capsule, with septifragal dehiscence. Seeds angular or ovtd, 
or winged, often enveloped in mucus, containing spiral threads, as- 
cending, in a single or a double row ; embiyo straight, in the axis of 
a fleshy or homy albumen ; cotyledons foliaceous, elliptical or cordate ; 
radicle inferior, next the hilum.— Herbaceous or climbing plants, with 
Opposite or alternate, simple or compound leaves. They inhabit tem- 
perate countries chiefly, and they aboimd in the north-western, part 
of America. There are 17 genera enumerated by Lindley, including 
101 species. Examples — ^Polemonium, Phlox, Cobsea (fig. 318). 

953. Many of the plants of this order have showy flowers, and are 
commonly cultivated in flower-borders. Connected with the episperm 
of various species of ColUmia are numerous spiral cells, and when the 
seeds are moistened with water, the mucus surrounding the cells is dis- 
solved, so that the spiral fibres are uncoiled. The movements of these 
fibres, when uncoiling, are beautifully seen under the microscope. 
The fibres cany with &em a mucous envelope which has the appear- 
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ance of a membrane. Polemcmum coerulemn^ Greek Valerian, or Jacob’s 
ladde^^. is bitter. 

9641 Order 130. — Hydrophrilaceie. the Hydrophyllum Family. 
{Mmopet, ifftfpog.) Calyx 5-parted, persistent. Corolla monopetalons, 
hy^gynous, regular, 5-cleft; ffistivadon plicate or imbricate. Stamens 
5, inserted upon the corolla, and alternate with its segments; filaments 
sometimes petaloid ; anthers deeply-lobed at the base, often versatile, 

2- celled, dehiscing longitudinally or transversely. Disk annular or 0. 
Ovary free, 1-2-3-celled ; ovules definite or indefinite ; style 1 or 2 ; 
stigmas usually 2. Fruit capsular, 2-valved, 1-2-celled, with a parie- 
tal, or a large central placenta. Seeds with a brittle or reticulated 
testa ; embryo in the midst of fleshy or cartilagmous albumen ; radicle 
next the hilum: — ^Trees, shrubs, or herbs, willi opposite, or alternate, 
exstipulate, often lobed leaves. They occur both in the northern and 
southern parts of America chiefly. They have no properties of im- 
portance. Many have showy flowers, and some have glandular or 
stinging hairs. The order has been divided into two suborders : — 

1 . Hydrophylle®, including HydroUese of authors, with the anthers 
dehiscing longitudinally, disk present, ovary 1-2-ceUed, styles 2. 

2. Diapensiess, with anthers dehiscing transversely, disk 0, ovary 

3- celled, style single. There are 18 known genera, and 77 species. 
Example — Hydrophyllum, Hydrolea, Nemophil^ Phacelia, Diapensia. 

955. Order 131. — Conroivniacei^ the Convolvulus or Bindweed 
Family. (Mompet Hypog,) Calyx in 5 divisions, persistent, imbricated, 
often bracteated (figs. 652-654). Corolla monopetalous, hypogynous, 
deciduous, regular; limb 5-lobed, with a plaited or imbricated ©stiva,- 
tion (fig. 653^); tube sometimes with scales, alternate with the lobes 
of the limb. Stamens 5, inserted in the base of the corolla, and alter- 
nate with its lobes (fig. 654 e). Disk annular, hypogynous. Ovary 
free, 2-4-celled, rarely by abortion 1-celled; ovules definite, erect, 
when more than one, collateral ; style 1 (fig. 654 s), usually bifid, 
rarely 2; stigmas obtuse or acute (fig. 655). Fruit succulent or 
capsular (fig. 656), 1-4-celled, with septifragal and septicidal, or cir- 
cumscissile dehiscence. Seeds albuminous ; embryo curved or spiral 
(figs. 659, 502); cotyledons corrugated (fig. 658) or inconspicuous; 
ra^cle inferior. — Herbs or shrubs, usually twining, sometimes para- 
sitical, often with a milky juice, and with ailtemate, undivided or lobed, 
exstipulate leaves, rarely leafless. They occur cluefly in tropical and 
tenuperate regions. The order has been divided into two suborders: — 
1. Convolvule©, true Bindweeds, leafy plants, with the coroUine tube 
not scaly, embryo curved, cotyledons conspicuous. 2. Cuscute©, 
Dodders, leafless parasites, having scales on the coroUine tube, embryo 
spiral and filiform (fig. 502), cotyledons inconspicuous. There are 45 
genera, and upwards of 700 species. Examples — Convolvulus, Ipo- 
mcea, Eixpgonium, Dichondra, Cuscuta. 
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956. The order is characterised generally by the presence of an 
acrid juice in the roots, which has purgative properties. On this 
jiccount several of the plants are used medicinally. The old genus Chw- 
volmlus has been split into various genera; such as Iponma^ Exogomuniy 
PharhidSy Batatas^ Qucmoolity Caltynyctiony and L^pistemy/iy according 
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to the form of tlie corolla, the exsertion or inclusion of the stamens, 
the form and nature of the stigma, and the stmctiue of the ovary. 
Exogonium Purga {Iponiwa PurgOy or Convolvulus Jalapd) is the 
Jalap plant, a native of Mexico, which grows well in this country, re- 
(luiring only the protection of a frame during winter. The plant has 
llowered regularly for many years in a cold frame in the Edinburgh 
Botanical Garden. The root-stock is the officinal part. It has a 

I' -'B. 652-669. -Organs of fructillcatioii of Convolvulus (Calystegia) scpiuui, to illustrate the 
oa f urul order Coiivd^nilaceaB. 

i'ig, 662.— niHgram of the flower, showing two bracts, five unequal divisions of the imbricated 
calyx, five lobes of the plicate eorol^ five stamens ulteraating with the corollhie lobes, and a 
Muadrilocular ovary. 

Fig. 668.— Flower bud. 6, Large hxacta c. Calyx, Corolla, 

Fig. 654.— Vertical section of Sie lower part of the flower. 6, Bracts, c, Calyx. Tube of 
oorolitt, bearing the filaments of the stamens, c. o, Ovary, a, Style. 

Fig. 665.— Summit of the style and stigniaa 

Fig. 656. — Fruit,/, surrounded by the calyx, c, and the bracts, 5, wliich are persistent. 

Fig. (a!7.— Seed. /». HUum. 

Fig. 658.— Section of the seed showing the comigated cotyledon.s. 

Fig. 659.— Embryo separated. 
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roundish tuberous form, is black externally, white and milky within, 
and varies in size from that of a walnut to that of a moderate-sized 
turnip. It contains a resin, in which its active properties reside. It 
is used in the form of powder and tincture, as an active irritant 
cathartic. The root of Comxdwius Scamrumia yields a gummy resinous 
exudation, which constitutes medicinal Scammony. The plant grows 
abundantly in Greece, the Grecian Islands, and various parts of the 
Levant. Scammony is procured by cutting the root across, and 
collecting the milky juice which soon concretes. Hie drug is im- 
ported into this country from Smyrna. Its active principle is a resin. 
It is used medicinally as a drastic purgative, in the form of powder, 
pill, and extract. A spurious kind of Scammony has been prepared 
from the root of Convolvulus {CalysUgid) sepium; and several plants be- 
longing to the natural order Asclepiadaceae jdeld a purgative exudation, 
which has been used under the names of MontpelHcr and Bourbon Scam- 
mony (T 124). The roots of some of the plants do not possess purgative 
qualities, and have been used as articles of food. Batatas edulis {Con,- 
volvulus J5a<ato)3deldsthe sweet Potato, which contains much saccharine 
and amylaceous matter, and is used as food in tropical countries. The 
species of Cvsmta^ or Dodder, have acrid purgative properties. Their 
seeds germinate in the soil, and the plants afterwards twine round 
others, and become attached to them by means of suckers. Tliey then 
lose their connection with the soil, and are supported as true parasites. 
In this way they often destroy crops of Flax and Clover. 

957. Order 132. — Cordlaceim Ihe Cordia Family. {Monopet Ily- 
pog*) Calyx ,4-5-toothed, inferior. Corolla monopetalous, 4-5 -cleft, 
regular. Stamens inserted on the corolla, alternate with its segments; 
anthers versatile. Ovary free, 4-8-celled ; ovules solitary, pendulous, 
anatropal; style continuous; stigma 4-8-cleft. Fruit drupaceous, 
4-8-celled. Seed, exalbuminous, pendulous from the apex of the cell 
by a long ftmiculus, upon which it is turned back ; radicle superior ; 
cotyledons plaited longitudinally. — ^Trees, with alternate, rough, ex- 
stipidate leaves, and panicled flowers. They are cliiefly natives of 
warm countries. Some yield edible fhiits ; their bark is occasionally 
bitter, tonic, and astringent, and their wood is used for various econo- 
mical purposes. The succulent, mucilagmous fruits of Cordia Myxa 
and Sehesitema, receive the name of Sebesten Plums. There are 11 
genera enumerated by Lindley, including 180 species. Examples — 
Cordia, Varronia. 

958. Order 133. — ^Boragiaaceie, the Borage Family. {Mompet. Uy- 
pog.) Calyx persistent, with 4-5 divisions (figs. 660, 661 c). Corolla 
gamopetalous, hypogynous, usually regular (figs. 296, 297), 5- rarely 
4-cleft ; asstivation imbricated (figs, 660, 661 p p). Stamens inserted 
on the corolla, equal in number to its segments, and alternate with 
them (fig. 661 e). Ovary usually 4-lobed, quadrilocular (fig, 661 o) ; 
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ovules 4, each attached to the lowest point of the cavity, amphitropal ; 
style simple, basilar (figs. 403, 661 s), (terminal in Ehretiese and Hdio- 
tropiese).; stigma simple or bifid. I^t (fig. 662) consisting of 2 to 4 
distuact achsenia (succulent and consolidated in EhretiesB). Seed 
exalbuminous, or with thin albumen; radicle superior; cotyledons 
plano-convex (fig. 662). — ^Herbs, shrubs, or trees, with terete stems, 
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filtcniate, rough, exstipulate leaves, and flowers generally in scorpioidal 
(gyrate) cjrmes (fig. 253). On account of the asperities in the leaves, 
the plants have sometimes been called Aspcrifoliae. The order is divided 
into three suborders : — 1. BoraginesD (figs. 660-662), with a basilar 
style, 4-lobed ovfiry, aclisenium-likc fruit, and exalbuminous seeds; 
natives chiefly of temperate climates. 2. Ehretie«e, with a terminal 
style, a quadnlocular, concrete ovary, a succulent firuit, and usually 
albuminous seeds ; natives of tropical countries. 3. Ileliotropiese, with 
a terminal style, an entire or 2-lobed ovary, a dry fiiiit separable 
into four achienhi, imd exalbuminous seeds; natives partly of temperate, 
and partly of warm climates. There are 67 known genera, and nearly 
000 species. Examples — Borago, Anchusa, Echium, Myosotis, Cyno- 
glossum, Ehretia, lleliotropium. 

959. The plants of the order are generally mucilaginous and emol- 
lient. Some are astringent. Nitrate of potash exists in some, and 
imparts coolness to the water in which they are steeped. Borago offi- 
<dmUsj Borage, has been used for its mucilaginous cmolhent properties, 

Orf^ans of fructification of Anchusa italico, to Illnstrato the natural order 

horaginaceifi. 

Fig. t>G0.— Diagram of the flower, with five imbricated divisions of the calyx, five imbricated 
segnients of the corolla, five stamens, and a 4-lobed ovary. 

I'^ig. «61.— Vertical section of the flower, c. Ilaiiy calyx. »jp, Corolla, e. Stamens inserted 
into the corolla a a, Staminal appendages or coi’olUne scales, o, 4-lobed ovary, two of its 
ilivisions cut through vertically, s, Basilar style. 

Kg. «62.— One of the carpete (achtenia) cut veitically. p, Pericarp separable from the seed. 

Spermoderm or Integuments of the seed, e, Embryo w ith superior radidc, and plano-cotivcx 
cotyledons. 
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as a remedy m pectoral affections ; aad with wine, water, lemon, and 
sugar, its leaves form an ingredient in what is called cool-tankard. At- 
ta^ed to the stamens in plant, and others of the order, are scales, 
which may he considered as abortive stamens, formed by dilamination 
(fig. 312). Anohtisa tmctoria supplies alkanet-root, which is used as a 
reddish-brown dye. Some of the species of Heliotropium (as ff, peruvia- 
nmi) axe distinguished by their fragrant odour. The leaves of Steenham- 
mera {Lithospeiimi/fn) mariXimum have the taste of oysters, and hence it 
is called the Oyster-plant in Scotland. Myosotia palustris (fig. 297) is 
the true Forget-me-not. Miss Strickland remarks, that the banished 
and aspiring Henry of Lancaster appears to have been the person 
who gave to this plant its emblematical and poetical meaning, by 
uniting it in his exile with the initial letter of his watchword, ‘ Sou- 
veigne-vous-de-moy.’ 

960. Order 184.— ^lanacece, the Nightshade Family. {Movwpet. 
Hypog.y Calyx inferior, 5- rarely 4-partite, persistent (fig. 664 c). 
CoroUa monopetalous hypogynous, with the limb 6- rarely 4-cleft, 
regular, or somewhat unequal, deciduous ; estivation plicate or im- 
bricated (fig. 668). Stamens inserted on the corolla (fig. 664 e\ 
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Fig. 6r>3<-fifi8.>-'0rgans of fructifleation of tuberosum, tlic Potato, to illustrate tiie 

nivtural orOer Solanticcss, 

Fig. G63.— Diagram of the flower, with five divisions of the calyx, five plicate segments of the 
con^ five stamens, and a 2-^ellcd ovary with polyspermous placentas. Axia 

Fig. 664.— Vertical section of the flower, c. Calyx, p jp. Lower part of the corolla e, Stamens, 
with porous dehiscence of the anthers, o. Bilocular ovary, polyspermous. «, Style and stigma. 

Fig. 666.-rrait, baccate. 

Fig. 666.— Horizontal section of the fruit, ifliowing the seeds and placenta 

Fig. 667.— The seed. 

Fig. 668.— Vertical section of the seesd. ^ Integument (spermoderm) of the seed. /», Flesliy 
Ttcrlsperm (albumen), e. Embryo, which is curved and excentric, with the radicle next the 
hilUtn. 
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equal in number to the cbroUii^c segments, and alternate with them 
(fig. 663) ; fmthers with longitudinal or porous dehiscence (fig. 664 e). 
Ovary usually 2-celled (fig. 664 o), sometimes 4-'5- or many-celled ; 
ovules indefinite ; style continuous ; stigma simple (fig. 664 s). Fruit 
with 2, 4, or more cells, rarely unilocular; either a capsule dehis- 
cing in a septicidid or circumscissile manner, and having a double 
dissepiment parallel to the valves, or a berry (figs. 665, 666) with 
the placentas adhering to the dissepiment, or a nuculanium with 5 or 
more nucules. Seeds 00 ; embryo straight or curved (fig. 668), often 
excentric, lying in fleshy albumen ; radicle next the hilum. — ^Herbs or 
shrubs, with alternate leaves. Natives of most parts of the world, but 
abund^t in the tropics. The order has been divided into two sections, 
which are not, however, w^ell defined: — 1. liectembry®, with the 
embryo nearly straight. 2. Curvembryse, with the embryo curved in 
a semicircular, annular, or spiral manner. These are subdivided into 
tribes, chiefly according to the nature of the fruit. There are 66 
kno'wn genera, and 935 species enumerated ; but there is considerable 
difficulty in the allocation of the genera. Examples — Oestrum, Habro- 
thamnus, Nicotiana, Petunia, Batura, Hyoscyfunus, Solanum, Physalis, 
Nolana ? 

961. The plants of this order have in general narcotic qualities. 
These are sometimes developed in a great degree, so as to render 
the plants very poisonous ; at other times they are obscured by the pre- 
valence of nutritious and starchy matter. In many instances, certain 
parts of the plant have poisonous narcotic properties, while other parts 
are harmless, and are used as articles of diet. These facts will be 
illustrated by a consideration of different genera and species. Solanum 
Jhilcamara^ Bitter-sweet or woody Nightsliade, has slightly narcotic pro- 
perties, which appear to be owing to the presence of an alkaloid called 
8olania. The twigs of the plant are used medicinally, in the form of 
<lccoction, in various cutaneous diseases. They are supposed to pos- 
sess sudorific and alterative properties. The scarlet berries of the 
plant are reckoned poisonous. Solanuvi nigmin has more active nar- 
cotic qualities. Solanum tuberosum^ the Potato (fig. 92), lias slight 
narcotic qualities in its leaves and fruit, but in the tubers there is an 
abundance of starch, and when cooked they are wholesome and nutri- 
tious. In the genus Solanum the anthers open by pores. Atropa 
BeVadonna^ Deadly Nightshade or Dwale, is a highly poisonous plant 
belonging to tliis order. All jiarts of the plant are narcotic. Tlie 
fruit is a dark brownish-black shining bCTry, which often proves 
attractive to children. The leaves are the part used in medicine, and 
from those an extract is prepared. The watery extract is best made in 
vacuo, but the alcoholic extract is probably the best. Belladonna is 
one of our most active indigenous poisons. It owes its properties to 
the presence of an alkaloid called Atropia, which exists in the plant in 
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combination with malic acid. Belladonna is used medicinally to allay 
pain and spasmodic action, to cause dilatation of the pupil, and as a 
prophylactic against scarlatina. Similar properties exist in tlie species 
of HyoBcyavmSj more especially in JET. m^er. Henbane, a biennial plant, 
with dingy-yeUow flowers, exhibiting beautiful purple reticulations, 
hairy . viscous leaves, and a bilocular operculate capsule (fig. 459). 
The leaves yield by expression a large quantity of juice, whence an 
extract is prepared. A tincture of Henbane is often used in place of 
laudanum, on account of not causing constipation. It is employed in 
medicine to procure sleep and allay pain, and it acts also in dilating 
the pupiL The narcotic properties seem to be owing to an easily 
decomposed alkaloid called Hyoscyainia. An empyreumatic oil is 
obtained from the plant, which is an energetic narcotic poison. The 
roots of the plant have sometimes caused poisoning by being mistaken 
for parsnips. Many species of Datura are powerfully narcotic. D. 
Stra/mmium is the Thorn-apple, so called on account of its prickly 
caps^e. Its leaves and seeds are used medicinally as narcotics, their 
qualities being due to an alkaloid called Daturia. They are prescribed 
as anodynes and antispasmodics, in the fomi of powder, extract, and 
tincture, and the leaves iirc smoked in cases of asthma. Datura 
TcUula and Metel, sdnguinea^ ferox and fastmm have similar proper- 
ties. Several species of Nlcotiana flimish Tobacco. That chiefly used 
in Em*ope is procured from N, Tahacum, a plant naturally inhabiting 
the hotter pjirts of North and South America. It is an annual plant, 
attaining a height of six feet, having dingy-red infundibulilbrm 
flowers (fig. 294) and viscid leaves. The leaves are the officinal part, 
and tlieir active properties depend on a peculiar oily-like alkaloid 
called Nicotina. They are employed in the form of infusion, tiiiclure, 
and wine. Tobacco is an energetic narcotic poison. It is employed 
medicinally as a sedative, and its depressing action is useful in cases 
of hernia. Its depressing action is indicated by its effect on the cere - 
bral functions and on the heart. Tlie flavour and strength of tobacc(» 
depend on climate, cultivation, and the mode of raanxilacture. Thai 
most esteemed by the smoker is Havannah tobacco; but the Virginian 
is the strongest. It is said that small Havannah cigars are prepared 
from the leaves of Nicotiana repanda ; Syrian and Turkish tobacco 
from JV rustica, and fine Shiraz tobacco from iV. persica. The fruit of 
different species and varieties of Capsicum supply Cayenne-pepper, and 
what are called Cliillies. Chilli is the Mexican name for aU the varie- 
ties of Capsicum. They are natives of tiie East and West Indies, and 
of other hot climates. Capsicum aniM/iUvfi is the species commonly 
noticed, but of it there seems to be numerous varieties, which by many 
are reckoned species. Thus, Cl frutescens is a shrubby plant which, 
along with C. minimum^ supplies the variety called Bird-pepper ; C. 
haccatum has a globular fruit, and flimishes Cherry or Berry-capsicum. 
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In Capsicums irritant properties prevail, so as to obscure the nar- 
cotic action. Their acridity is owing to an oleaginous substance called 
Capsidin. Cayenne-pepper is used chiefly in the form of tincture as a 
rubefecient and stimulant, especially in cases of ulcerated sore throat. 
It acts on the stomach as an aromauc condiment, and, when preserved 
in acetic acid, it forms Chilli vinegar. Mandra^ora officinalis {Atropa 
M(mdr€tg(yrd)^ Mandrake, acts as a stimulant on the nervous system, 
and its forked root was long celebrated for its properties in this respect. 
It is the CTMin of the Bible. The species of Physalis are remarkable 
for their accrescent calyx (fig. 280.) The fruit of some, such as P. 
perwimna^ Peruvian Winter Cherry, is eaten. The fruit of Lycopersiemi 
e&mlmhjm is the edible Tomato, or Love-apple; that of Solarium Melon- 
gena and ovigeiiim is the Egg-apple. 

A division of the genera of this order has been made by M. Fee 
into — 1. Those which contain species, all of which are more or less 
poisonous, as Datura^ Hyoscyarnus^ Atropa^ Nmtiana^ &c. 2. Those 

which contain some species truly poisonous, and otliers innocuous or 
stimulant, as SoUmum and Capsiewn, 3. Tlios(' having species which 
are all innocuous, as Lycopersicum, Miers has revised the genera 
included in the orders Solanacese and ScrophuLmacese, and he proposes 
t(j institute an intermediate order Atropacea^. The general definition 
of these orders is : — 

1. Solanacese; Isomerous flowers with a valvate or induplicato- 
valvate a3Stivation ; inflorescence extra-axillary. 

2. Atropacea^ ; Isomerous flowers or nearly so, with an imbricate or 
a peculiar ajstivation ; inflorescence ext^a-axilla^}^ 

3. Scrophulariacca?; Anisomerous flowers with imbricate ©stivation ; 
orgiins of inflorescence truly-axLllary. 

962. Order 135, — Orobanciiacezcf the Broom-rape Family. (Mono- 
pet Hypog,) Calyx divided, persistent, inferior. Corolla monopetal- 
ous, hypogynous, irregular, usually bilabiate, persistent; ©stivatiou 
imbricated. Stamens 4, didynamous. Disk fleshy. Ovary free, 1- 
celled, composed of 2 carpels which stand fore and aft, with 2 or more 
parietal placentas ; ovules 00 ; style 1 ; stigma 2-lobed, each of the 
lobes belong half to each carpel. Fruit capsular, enclosed within the 
witliered corolla, l-ceUed, 2 valved. Seeds 00, minute ; embryo very 
minute, at one end of fleshy albumen. — Herbaceous parasitical plants, 
hi^ ,iiig scales in place of leaves. They are natives of Europe, more 
especially the southern parts, and of Asia, North America, and the; 
Cape of Good Bbpe. Lindlcy gives 12 genera, and 116 species. 
iG£i5a7r^feff--Orobanche, Lathr©a. 

963. The properties of the plants of the order are, in general, astrin- 
gency and bitterness. Some have been used as tonics, and as applica- 
tions to indolent xdeers. The species of Orohanche are called Broom- 
rapes, on account of the ravages they are supposed to commit on the 



468 


SCBOPHULAKIACEiE. 


Broom tribe. They att-ach themselves to the roots of various plants, 
and are hence called Eoot*‘parasites. Different species infest and 
injure diflferent tribes of plants. Thus, Orohamhe rapum is parasitical 
upoii Broom andBuize*, 0. ramosa, upon Hemp; 0. m6ra, upon com- 
mon Thyme ; 0. 7nmor, upon red Clover ; 0. baihata, upon the Ivy ; 
0. elathr and aremria^ upon different species of CompositsB, as Cen- 
taury and Milfoil. The stems of Drobanches have a large centeal 
cellular portion, suiTounded by numerous fibro-vascular bundles, 
which are arranged in a circle without any medullary rays. Tubers 
exist at the lower part, whence subterranean buds are developed. 
Sometimes the fibro-vascular bundles of the plants, to which tlie 
Broom-rapes arc attached, are found ramifying in the substance of tlie 
parasite. As Broom-rapes possess tubers and ordinary roots, Henfrey 
is disposed to think that they also derive nouriwshment from the soil in 
the usual way, Laihrcea squarnwia^ Tooth-wort, is parasitical upon 
the roots of Hazels, Cherry- laurels, and other trees. E 2 nphcgus vir- 
ginkmOf Beech-drops, has been used in powder as an application to 
cancerous sores. 

964. Order 136. — flcrophniariaccrc, the Figwort Family, (il/owo- 
pet Hgpog,) Calyx divided into 4 or 5 parts, unequal, persistent, in- 
ferior (fig. 288 c). Corolla monopctalous, more or less irregular and 
bilabiate (fig. 288 p), or personate (fig. 300), sometimes spurred or 
saccate at the base ; aestivation imbricate. In the bud, the flowers are 
regular (fig. 305). Stamens usually 4, didynarnous (figs. 344, 346), 
rarely 5, sometimes 2 ; anthers bilocular, or unilocular by abortion 
or adhesion. Ovary free, 2 celled ; ovules usually 00 ; style simple ; 
stigma 2-lobed, rarely entire. Fruit capsular, rarely fleshy, dicarpel- 
laay, 2-celled (fig. 445), 2-4-valved, opening by septicidjil or loculi- 
cidim dehiscence, rarely by pores (fig. 462) or lids, the dissepiments 
becoming finally loose in the centre (fig. 446). Placentas attached to 
the dissepiment, and sometimes in the mature fruit becoming central. 
Seeds definite or 00 ; embiyo straight or slightly curved, included 
within fleshy albumen. — Herbs, undershrubs, or shrubs, with opposite, 
whorled, or akemate leaves. Ihey arc found generally distributed over 
the globe, both in cold and warm regions. The order has been divided 
by Bentham into tliree sections: — 1. Salpiglossidese. 2. Antirrhinidea?. 
3. Bhinanthideae. The characters of these divisions are founded on 
the nature of the inflorescence, whether centrifugal, centripetal, or 
compound, and the aestivation of the corolla. There are 176 known 
genera, and 1,814 species. Examples — Schizanthus, Salpiglossis, Cal- 
ceolaria, Verbascum, Antirrhinum, Scrophularia, Pentstemon, Mimu- 
lus, Digitalis, Veronica, Rhinanthus, Melampyrum. 

965. The plants of the order are usually scentless, or at all events 
not aromatic. They are acrid and slightly bitter, and some of them 
are sedative and poisonous. Some of the plants of the order belong 
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to tlie tribe of Root-parasites. This is particularly the case with species 
of Euphrasia^ RkinanlJms^ Bartsia^ Mekmpyrum^ and Pedicularis, 
These parasites differ from Broom-rapes in having green leaves, and 
they seem to be appfirently independent after they have acquired a 
ccrfcun degree of development. Tlie species of Alimulus have a bila- 
mellate stigma, the two lamella3 of which are irritable, and close when 
irritated. Tlie movements of the stigma are probably in some way 
connected with fertilization. One of the species, Mmulus luteus^ has 
become naturalized in many parts of Britain, as in the neighbourhood 
of Edinbui'gh, on the shores of the Clyde, the Isle of Skye, Perthshire, 
t&c. Mimulus moschatm is cultivated on account of its musk-like 
».)dour. The most importjmt medicinal plant of the order is DigiUdis 
pwpurea^ Foxglove, the leaves and seeds of which are employed in 
the form of powder, tincture, and infusion. The leaves have a bitter 
taste, which they retain when carefully dried. In large doses they 
act as a narcotico-irritant poison, and in small doses they are used as 
sedative of* the circulation, and diuretic. Their continued use causes 
great slowness of the pulse, and hence their employment in diseases of 
the heart, and in hfiemorrhages, such as haemoptysis. Li dropsical 
cascjs, especially those connected with diseased heart. Digitalis is exten- 
sively used. Its active properties are due to the presence of a crystal- 
line principle called Digitalin. Several other species of Digitalis, such 
as Z>. Icmgata^ grandifiara^ lutea^ and tomeniosa^ have similar properties. 
The leaves of Scrophukiria nodosa, knotted Figwort, have irritant 
qualities, and have been used as emetic and cathartic remedies. In 
the form of ointment and fomentation, they have been applied to 
diseases of the skin jmd tumours. The woolly leaves of Verhascum 
Thapsiis, Great Mullein, are emollient and slightly narcotic. They 
have been used in some pectoral affections. Tlie species of Melampy- 
ram are calleid Cow-wheat, in consequence of being relished by cows. 
Eaphrasm officinalis, Eye-bright, or Euphrasy, wjis formerly used in 
cases of ophthalmia. Some of the species of Lvmna and Calceolaria 
iue used for dyeing. Linana vulgnins exhibits what Linnasus called 
Peloria (IT 654, 655), by the flowem being 5-spuTred in place of 
1 -spurred, and thus becoming regular. Ghatiola officinalis. Hedge- 
hyssop, is bitter and acrid, and is said to enter into the composition 
of the Eau medicinale, so much vamited as a remedy for gout. The 
i<*‘;ves of Vet'orma officinalis are bitter and astringent, and are some- 
times used as tea. 

966. Order 137. — iiabiaue (Lamiaceas of Lindley), the Labiate 
Family. (Monopet Ilypog,) Calyx tubular, inferior, regular or bila- 
biate, persistent (figs. 670, 672 c). Corolla monopetalous, hypogy- 
nous, bilabiate; upper lip entire or bifid, lower 3-lobed (figs. 299, 
670, 671). Stamens 4 (fig. 669), didynamous (fig. 671 e), some- 
times 2 by abortion, inserted into the corolla, and ^temate with the 
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lobes of the lower lip ; anthers 2-cellod^ br 1-celled by abortion, or 
by absorption of the septum (fig. 883) } connective sometimes large 
and distractile (fig. 883 c). Disk fleshy- Ovary fi^e, deeply 4-lobed 
(figs. 402, 669) ; ovules 4 ; style 1, basikr (figs. 402, 671 S) ; stigma 
bifid (fig. 671 s), usually acute. Fndt consisting of 1-4 achssnia, en- 
closed within the persistent calyx (figs. 402, 672). Seeds erect ffig. 
678); albumen either 0, or in small quantity; embryo erect (fig. 
678 c) ; cotyledons flat ; radicle inferior.“Herbs or und^hrubs, with 
tetragonal stems, opposite exstipulate leaves, and cymose infloresoence, 



des 673 673 


the flowers being often in vcrticillasters. Linnaeus looked upon the 
fruit as naked seeds, and hence included many of the plants in the 

Fig9. 669-673.— Organs of fructification of Lbmlum album, to illustrate the natural order 
Labiat8e. 

Fig. 669.— Diagram of the flower, with the pentamerous calyx ; pentamerous corolla, having 
two lips, the upper lip being formed of two nnited petals, the lower of three; four stamens, in 
consequence of one being undeveloped, and four divisions of the ovary. 

Fig. 670.— Entire flower viewed laterally, r, Five^eft calyx. «, Tube Of tlie corolla. ?«, Upper 
lip of two petala I f. Lower lip of throe. «, Style. 

Fig. 671.— llio flower cut vertically, c, Calyx. y>, Corolla, r, Didynamous stamens, a, Style 
and bifid stigma, o. Ovary. 

Fig. 672.0 Fruit (a tetrachsenium) cut vertically, showing the carpels, two of wUch have been 
removed, c, Persjistent calyx, Fleshy disk or gland, r, Gynobasic receptacle heMing the 
style, a, which is bacdlar, i, e. arises from the lower port of the carpela o, Two carpels wliich form 
achienia when ripe. 

Ing. 673.— A carpel cut vertictdl}'. p, Pericarp, IntegumMil«f the seed e, Embryo erect 
with inferior radido. . 
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order Gymnospemiia of his Didynamous class. They are natives 
chiefly of temperate regions. Lindley mentions 125 genera, including 
2350 species. Examples — ^Mentha, Salvia, Melissa, Lamium, Teu- 
crium, Scutellaria. 

967. The plants of this order are in general fragrant and aromatic, 
and none of them are poisonous or injurious. Scarcely any are used 
for ordinary food, although many form grateful condiments. Thdr 
leaves contain receptacles of volatile oil, and many of them famish a 
stearoptin resembling cjunphor. Medicinally, many of them are used 
as carminatives. The species of Mentha yield volatile oils. M, Piperita^ 
Peppermint, is used as a jwwerfal diffusible stimulant in cases of colic 
and gastrod 3 nua. The oil is procured by distillation with water, and, 
when dissolved in rectified spirit, it forms the essence of Peppermint. 
Mentha viridis, Speamiint, is used in the same way as Peppermiilt ; 
while M. Pulegimti^ Penny-royal, is employed as a pectoral and anti- 
spasmodic. Lavandula vera (Z. spiccL, qj^inalts^ and angusUfolia of 
authors) 3 dclds the best oil of Lavender ; while />. latifolia famishes 
Spike-oil. Like the other volatile oils of the LabiatsB, oil of Lavender 
consists of a flmd oil, or Elaeoptin, and a solid crystalline substance, or 
Stearoptin, aiifilogous to camphor. Lavender is a tonic, stimulant, 
and carminative. The flowering tops of Itomamim oJficmaliSj Rose- 
mary, furnish an oil which has simil^ properties. It is used much iii 
I^erfurnery, and enters into the composition of Eau de Cologne. Oils 
<.)f the same nature arc procured from Ortgamm vulgare. Wild Mar- 
j’orara, 0. Majorana, Sweet Marjoram, Melissa ojfficvialis^ common 
Palm, and Marmhium vulgare^ white Horehound. Some consider the 
Hyssop of Scriptiu’e, nii«, as being Ilgssopus onentalis (IL officinalis^ 
^’^ir. angmiifolius) ; but lioylc looks upon it as one of the Caper plants 
(Capparis cegyptiaca). Plectranthm graveolens of some, Pogostemon 
maiis or P. Patchouly of others, is the Patchouli plant of the East 
Indies, which is used as a perfaine. It is called in India pucha pat. 
It yields a volatile oil of a yellowish-green colour. Lycopm virginwus, 
Bugle-weed, and L. europceus, Gipsey-wort, are used as astringents 
and sedatives. Many Labiates, such as Tliyme {Thymus)^ Mint {Men- 
tha)^ Sage (Salvia), Basil (Ocymum)^ Savoury (Satureia), &c., are used 
as culinjuy vegetables, more particularly to flavour sauces and dishes. 
Tht^ species of Salvia are distinguished by having only two stamens in 
coiisequence of the abortion of the rest, and by their distractile con- 
n* ctive, which separates the anther lobes (fig. 333). In the episperm 
of the seeds of the species of Salvia there are beautiful spiral cells, the 
fibres of which, hlie those of Collomia, uncoil when moistened with 
water, and form an interesting microscopic object. Salvia officinaUs, ' 
common sage, has been used in the form of tea as a stomachic. What 
are called Sage-apples, are galls produced by the puncture of insects 
on Salvia pomfera. The roots of Ocymum tuherosum are said to bo 
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esculent. Hyptis nmijhranacea^ one of the Brazilian Labiates, attains 
the height of twenty or thirty feet. 

968. Order 138. — verbenac^ce,. the Vervain Family. (Morwpet. 
Hypog,) Calyx tubular, persistent, inferior. Corolla monopetalous, 
tubular, hypogynous, deciduous, limb usually irregular; a3stivatiou 
imbricated. Stamens usually 4, didynamous, rarely equal, sometimes 
2. Ovary free, 2-4-'Celled; oWes usually 4, erect or pendulous, 
anatropal or ampliitropal ; style 1, terminal ; stigma bifid or entire. 
Fruit nucamentaceous or baccate, composed of 2 or 4 achajnia united. 
Seeds 1 -4 ; albumen 0 or fleshy ; embryo straight ; radicle either in- 
ferior or superior. — ^Trees or shrubs, rarely herbs, with opposite or 
alternate, cxstipulate leaves. The order has been divided into three 
suborders: — 1. Myoporinea^, anthers 2-cclled, seed pendulous, radicle 
superior ; natives of the southern parts of America and Afhca, and of 
Australia. 2. Verbeheas (fig. 237), anthers 2-ceHed, seed erect, radichi 
inferior ; natives both of the tropical and temperate regions of America, 
and found also in Asia and in Europe. 3. Selaginea;, anthers 1 -celled, 
seed pendulous, radicle superior 5 natives chiefly of the Cape of Good 
Hope, but some are European. Tliere are 75 known genera, and 
upwards of 770 species. Examples — ^Myoporum, Avicennia, Verbena, 
Vitex, Tectona, Selago, Globularia. 

969. Many of the plants of the order jire fragrant and aromatic, 
some are bitter, tonic, and astringent, others lue acrid. None of them 
occur in the British Pharmacopoeias. Aloysio citriodora^ Sweet-scented 
Verbena, is commonly cultivated for its fragrance. In the leaves, Mr. 
Murchison has noticed peculiar glands containing oily matter. Thc^ 
species of Avicennia have adventitious roots like the Mangrove. The 
bark of Avicenma tomentosa is used in Brazil for tanning. Tectovui 
grandis is the Teak-tree of India, the wood of which is very hard and 
durable, and is used for ship-building. A fine specimen exists in the 
Edinburgh Botanic Garden. "Hife trunk of the tree in eastern forests 
sometimos attains a height of twj^uiidrcd feet, and its leaves are twenty 
inches long by sixteen broad. The friiit of several species of Vitex is 
acrid and aromatic. Some species of Lantana and Stobchytarpheta are 
used for tea. The Vervain was a sacred plant among the Greeks, and 
it was looked upon by the Druids with superstitious reverence. 

970. Order 139. — ^Acanthacefe, the Acanthus Family. (MompeL 
Hypog,) Calyx with 4-5 divisions, equal or unequal, occasionally 
multifi^ or entire and obsolete, persistent. Corolla monoj)etalous, 
hypogynous, usually irregular, with the limb ringent or bilabiate, or 
rarely unilabiate, sometimes nearly equal, deciduous. Stamens in- 
serted on the coroUa, usually 2, sometimes 4, didynamous, the shorter 
ones being occasionally sterile ; anthers 1-2-celled, with longitudinal 
dehiscence. Disk glandular. Ovary fi:ee, 2- celled ; placentas adher- 
ing to the ayis ; ovules 2 or more in each cell, curved ; style 1 ; 
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tjtigma 2-lobecl, rarely entire. Fruit a 2-celled capsule, debiscing by 

2 elastic valves, in a loculicidal manner. Seeds 2 or many in each 
cell, sometimes solitary, roundish, attached to hard, persistent, hooked 
or subulate ascending processes of tlie placenta ; testa loose ; albumen 
0 ; embryo curved or straight ; cotyledons large, leafy ; radicle 
cylindrical, next the liiluin. — Herbaceous plants or slmibs, with 
opposite, exstipulate, simple leaves, and bracteated flowers; 2 or 

3 large leafy bracts accompanying each flower. They abound in 
tropical regions. The order has been divided into three tribes: — 1. 
Ihunbergieae, with the placental processes in tlic form of a hard cup, 
supporting the seed. 2. Nelsonicac, with the placental processes con- 
tracted into a papilla, bearing the seed, which is small and pitted. 3. 
Echmatacantlii, with the placental processes hooked. There are 105 
genera, according to Lindlcy, and about 750 species. Examples — 
Tliunbergia, Nelsonia, Acanthus, Justicia, Ruellia. 

971. The plants of the order have mucilaginous and bitter proper- 
ties in general, but they are not put to important uses. Tlie leaves ol* 
AenrUJms^ with their sinuated lobes, gave origin to the capital of the 
Corinthian pillar. Acanthus mollis has cmolUent qualities. The seeds 
oi' Acanthodium spicatumhsiYe bcautiiul spiral cells in their episperm 
(If 11). The style of Ruellia {GoUlfimia) anisophylla exhibits a peculiar 
irritability; its curved stigmatic apex becoming gradually straightened 
so as to come into contact with the hairs of the corolla upon which the 
pollen is scattered. Many of the species of Justicia^ Ruellia^ and Aphe- 
landraj are cultivated in hothouses on account of their showy flowers. 

972. Order 140. — ^lientiboiariacese, the Butterwort Family. (Mono- 
pft. Ilypog.') Cal}^ inferior, divided, persistent. Corolla monopetal- 
ous, hypog)mous, irregular, bilabiate, usually spurred. Stamens 2, 
iii'^crted into the base of the corolla, and included; anthers monothecal, 
sometimes contracted in the middle. Ovaiy free, composed of 2 car- 
pdlary leaves, unilocular; ovules 00, auatropal; placenta free, central; 
styltj 1, very short; stigma bilarnelltijp;. Fruit a l-celled capsule, 
dehiscing transversely, or by an apicilar cleft. Seeds numerous, 
minute, exalbuminous; embryo sometinies undivided; radicle next 
the hilum. — ^Aquatic or marsh herbaceous plants, with radical leaves, 
which are sometimes compound, and bear little bladders or ampullae. 
Flowers often on scapes. They are found in all parts of the world, 
and abound in the tropics. lindley enumerates 4 geiicra, including 
173 species. Examples — Utricidaria, Pinguicula. 

973. The plants ofthe order have no properties of importance. The 
name of Butterwort, given to the species of Pinguicula^ may be derived 
from the property of giving consistence to milk. Others say that it 
has reference to the greasy appearance of their foliage. Of the fotu* 
British species, one (Jp. grandiflord) is peculiar to Ireland, and another 
(P. alpma) is peculiar to Scotland. Utricularias^ Bladderworts, 
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are so called on account of thd U^aricles or bladders connected wdtii 
the leaves (T 164). In the int^or of these vesicles a mucous fluid 
is found along with cellular projections in the form of hairs. Utri- 
mdaria mlmMfolia grows in the weter which collects in the bottom of 
the leaves of a large TiUandsia in Brazil. It sends out runners and 
shoots, and often in this way unitW several plants of TiUandsia. The 
leaves are peltate, and more than ihree inches across, while the flower- 
ing stem is two feet long. 

974. Order 141. — Primniacefei the Primrose Family. {^Monopet, 
Hypog,) Calyx 5- rarely 4-cleft (fig. 272), inferior or half superior, 
reguto, persistent (figs. 675 c, 677). Corolla monopetalous (fig. 295|3), 
h 3 rpogynous (fig. 675), rarely pOTg3aious, with the limb 5- rarely 
4-cleft, sometimes 0 (fig. 543). Stamens inserted on the corolla, 
equal in number and opposite to its Segments (figs. 674, 675). Ovary 
firee, (figs. 675, 676 6), rarely adherent to the base of the calyx, 1 -celled; 
ovules 00, usually amphitropaJ; style 1 (fig. 675.?); stigma capitate 
(fig. 675). Fruit a capsule, opening with valves (fig. 677), or with a 
hd (fig. 458). Seeds numerous, pdtate (fig. 678), attached to a free 
central placenta (fig. 677); embryo straight (fig. 680), enclosed within 
fleshy albumen, and lying across the lulum (fig. 679). — Herbaceous 



plants, with leaves usually opposite, and frequently radical, exstipulate; 
flowers on simple or umbellate Sdapes. They are natives chiefly of 

Figs. 674-680, — Organs of froctifleation of olatior, illustrating the natural order Prim- 

nlaccse. , 

Fig. 674.— Diagram of the flower, with flvd imbricate divisions of the calyx, five segments of 
the corolla, live stamens opposite tlic coroUine segments, and five carpellary leaves, surrounding 
a free central placenta. 

Fig. 675.— Vertical section of the flower, c, Inferior calyx. Monopetalous corolla, e, Sta- 
mens attached to the corolla, o, Superior ovary. «, Style with capitate stigma. 

Fig. 67&— Ovary cut verticBlly, to show the free central placenta covered with ovules. «, Base 
of the style. 

Fig. 677.— 

<rf which have been detached. 

Hg. 678.— Peltate amphitropal seed separated. A, Hilum. 

Fig. 679.— Seed cut vertically, r, Integuments (spermoderm). A, Hilum. jp, Fleshy poiisperm 
(albumen). «, Transverse embryo lying aeross the hilum. 

Fig. 680.— Embryo with cotyledons ara radicle. 
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temperate and cold regions in the northern hemisphere; some occur 
in elevated situations in warm countries. Lindley notices 29 genera, 
including 215 species. Examples — Primula, Androsace, Glaux, Trien- 
talis, Anagallis, Samolus. 

975. None of the plants of this order occur in the British Pharmaco- 
poeias, and few of them have any important medicinal properties. Acridity 
prevails more or less in the order. They are cultivated as showy garden 
annuals and perennials. All the fine forms of Auricula are derived 
from the yellow Piinmla Auricula^ a native of the Swiss Alps. The 
British species of Primula, are P. vcm, the Cowslip, the flowers of 
which are said to be narcotic; JP. datior^ the Oxlip; P. vulgaris^ the 
Primrose; P. farinosa^ the Bird’s-eye Primrose; and P. scotica^ the 
Scottish Primrose. The species of Cyckmien^ or Sowbread, have large 
tuberous-like partially subterranean stems, with acrid properties, 
and their English name is derived from the circumstance of their 
being eaten as food by wild boai*s. In them, Jis weU as in the species 
of Dndecatheon^ the petals are reflexed. The flowers of the species of 
Anagallis are meteoric (If 484), and their seed-vessel is a pyxidium 
(fig. 458). They are said to be acrid, and to anise inflammation of 
the mucous membrane. Trimtalia mropa^a is the only British plant 
belonging to the Linnscan class Heptandiia. It is slightly acrid. In 
Saniolus Valerandl^ Brook- weed, the calyx is parthilly adherent to 
the ovary, and in Glaux mantima^ the corolla is abortive, and the 
c-alyx becomes coloured (fig. 543). 

970. Order 142, — Plnmba^inaceie, the Sea-pink Family. (Mmiopet 
Ilypog,) Calyx tubular, persistent, sometimes coloured; ©stivation 
plaited. Corolla monopetalous or pentfipetalous, regular. Stamens 5, 
hypogynous when the corolla is gamopetalous, attached to the base of 
the petals when they are separate. Ovary free, 1 -celled; ovule 
solitary, pendulous from a funiculus which arises from the bottom of 
the ceU; styles 5, seldom 3 or 4, each bearing a subulate stigma. Fruit 
a utricle. Seed pendulous; spermoderm simple; embryo straight, in 
the axis of mealy albumen; radicle superior. — Herbs or undershrubs, 
Avith alternate or fasciculate exstipulate leaves, somewhat sheathing at 
the base; flowers panicled or capitate. They inhabit the sea-shores 
and salt marshes chiefly in temperate regions. There are two sections 
of this order: — 1. PlumbaginesB, with a synpetsdous corolla and connate 
styl-s. 2. StaticesB, with a pcntapetalous corolla and distinct styles. 
Lindley mentions 8 genera, and 160 species. Examples — ^Plumbago, 
Statice, Armeria. 

977. Some of the plants are acrid, others have tonic qualities. 
Amwria maritima^ Thrift, or common Sea-pink, grows both on the 
sea-shores and on the top of the highest Scottish mountains. Its 
inorganic chemical ingredients are said to vary in these positions 
(IT 228). In Arraeria the funiculus curves over the foramen of the 
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ovule in a young state, but slips off at the period of fecundation, and 
allows an ovular process to proceed from ftie exostome towards the 
placenta. In this genus also, the scaly bracts unite so as to form an 
inverted cylindrical sheath below the heads or shortened panicles of 
flowers. Plumbago europcea has been employed for the relief of tooth- 
ache, and has hence been called Toothwort. Some of the species of 
this genus act as vesicants. 

978. Order 143. — Piantagtaacece, the Ribwort Family. {Mompet 
Hypog,) Calyx 4-parted, persistent; aestivation imbricate. Corolla 
monopetalous, hypogynous, scarious, persistent, with a 4-parted limb. 
Stamens 4, inserted into the coroUa, and alternate with its segments ; 
filaments long, filiform, folded inwards in the bud; anthers dithecal, 
versatile. Disk inconspicuous. Ovary free, 2-4-celled; ovules soli- 
tary, or in pairs, or 00; style simple, capillary; stigma hispid, simple, 
rarely bifid. Fruit an operculate capsule, enclosed within the per- 
sistent corolla. Seeds sessile, peltate, or erect; spermoderm mucila- 
ginous; embryo in the axis of fleshy albumen, transverse; radicle 
inferior. — Herbs, which are often stemless, with radical ribbed leaves, 
and spiked hermaphrodite flowers, or solitary unisexufd ones. The 
species are chiefly found in temperate and cool regions. There are 
3 genera noticed by Lindley, including 120 species. Examples — 
Plantago, Littorella. 

979. The' plants of this order are frequently bitter and astringent. 
Their mucilaginous seeds are sometimes used as demulcents. Plantmjo 
maritima is found both on the sea-shores, and on the top of the highest 
mountains in Scotland. Its inorganic constituents arc said to differ 
in these localities (If 228). Plantago metjovy Way-bred, is said to 
follow the footsteps of man in his migrations. Its spikes sire used for 
feeding birds. Sometimes the bractlets become large, and at other 
times they assume a verticillate appearance. 

Subclass IV. — ^MoNOCHLAMTDEiE.* 

980. Corolla wanting; a calyx, or what is called a simple perianth, 
present; flowers sometimes Achktmydeous. This subclass includes the 
Apetalous orders of Jussieu, and many of his Diclinous irregular orders. 
It corresponds to the Apetalje and GymnospermsB of Endlicher. 

Section A. — Angio^erma!,'\ 

981. Monochlamydeous or Achlamydeous plants, having their seeds 
contained in an ovary, and fertilized by the action of the pollen on a 
stigma. It is the Apetalous division of Endlicher’s Acramphibrya. 

* Mivistf, one, and ^ cloak or covering, 

t a vessel, and a seed. 
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982. Order 144. — PTyctajiiiiacere* the Marvel of Peru Family. [Apel, 
Hypog,) Perianth tubular, coloured, contracted in the middle, be- 
coming indurated at the base (fig. 682); limb entire, or toothed and 
deciduous; estivation plicate (fig. 681). Stamens definite, hypogy- 
nous (fig. 682 e); anthers dithecal (fig. 683). Ovary superior, 1- 
ceUed; ovule solitary, erect; style 1; stigma 1 (figs. 682, 684). 
Fruit a caryopsis, enclosed within the enlarged persistent tube of the 
perianth (figs. 441, 685, 686). Embryo peripherical (figs. 522, 
686 e); albumen farinaceous; cotyledons foliaceous; radicle inferior 
(figs. 686, 687). — ^Herbs, shrubs, or trees, with opposite, often imequal, 
sometimes alternate leaves, and involucrate flovrers (figs. 681, 682). 



Fins. 681-087.— Organs of fructification of Hirnbilis Jalax>a, illustrating tlic natural order 
M.v'iaginaccjn. 

i'ig. (>81.— Diagi'iini of the flower, with an imhricuted involucre, five divisions of the perianth, 
fivi: alternate stamens, mid a unilocular ovary. 

Fig. (i8ii.~~JMwer part of the flower <'ut vertically. *, Involucre, r, Base of the perianth, 
m’eeii and swollen around the ovary. /, Part of its coloured tube, c. Lower part of the nlamonts. 

Part of the style, o, Ovary with its erec^t ovule. 

Fig. 683.— Stamens w ith convex swelling at the base of the filaments. 

Fig. 684. — Stj'le and stigma. 

Fig. 685 —Fruit enlosed by the persistent and indurated base of the perianth. 

Fig. 686.— Tlio same cut vertically, i, Involucre, c. Perianth. /, Peiicani. jt, Perisperm. 

Curved peripherical embryo, surrounding mealy albumen. 

Fig. 687.— Horizontal section of the fruit c, Perianth, t Integument of the seed with the 
pericarp. j>, Perisperm. r, Radicle, e o, Cotyledons. 
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They are natives principally of warm regions. Lindley notices 14 
genera, including 100 species. Emmpks — Mirabilis (Nyctago), Boer- 
haavia, Pisonia. 

988. The plants of the order have in general purgative qualities. 
Mirabilis Jalapa was at one time considered the Jalap-plant, in place 
of Exogomum Purga^ one of the Convol^aceae. M, dichotomi is th(‘ 
Marvel of Peru, which is commonly cultivated in gardens. It is 
called in the West Indies “ four-o’clock flower,” on account of opening 
its blossoms at tliat hour in the afternoon. Some of the species ol* 
Pisonia present a peculiar arrangement of the vascular bundles of the 
woody stem, which resembles in appearance that of Endogens. 

984. Order 145. — ^Amarantiiaceie, the Amaranth Family. {Apet. 
Hypog.) Perianth 3-5-partite, hypogynous, scarious, persistent, 
usually with two bractlets at the base. Stamens hypogynous, cither 
5 and opposite the segments of the perianth, or double that number, 
distinct, or united, sometimes partly abortive; antliers cither dithe- 
cal or monothecal. Ovary superior, single, 1 -celled; ovules solitary 
or several, amphitropal, hanging from a free central funiculus; style 
1 or 0 ; stigma simple or compound. Fruit a utricle or a caiyopsis, 
rarely baccate. Seeds lentiform, pendulous; testa crustaceous; em- 
bryo peripherical; albumen farinaceous; radicle next the hilum. — 
Herbs and shrubs, with simple, opposite, or alternate exstipulat(‘ 
leaves; flowers in heads or spikes, usually henn aphrodite. They are 
natives of tropicid and temperate regions. There are 38 known 
genera, and 282 species. Examples — ^Amaranthus, Achyranthes, 
Celosia, Deeringia, Gomphrena. 

985. The plants are principally mucilaginous and demulcent. Many 
of them are kno^^m in cultivation, such as Amjaranthm hypochondiiams^ 
Prince’s-feather; A. cavdatus^ Love-lies-bleeding; Celosia emtata^ 
Cockscomb; Gomphrena glohosa. Globe amaranth. Amaranihns BUUm^ 
A, oleraceus^ or Chusan Han-tsi, and other species, are used as pot- 
herbs. In the Cockscomb, the flowers form at the apex a pecidiar 
crest of flattened or fasciated peduncles (fig. 230). 

986. Order 146.— Chcnopodiaccw, the Goosefoot Family. {A2>et. 
Perigyn. and Hypogyn.') Perianth deejJy divided, sometimes tubular 
at the base, persisjtent, without bracts: sostivation imbricate. Stamens 
inserted into the base of the perianth or hypogynous, opposite to its 
segments, and equal to them in number, or fewer (fig. 544). Ovary 
single, superior, or sometimes cohering to the tube of the periantli, 
l-ceUed; ovule solitary, attached to the base of the cell; style 2-4- 
parted; stigmas simple. Fruit membranous, indehiscent, enclosed in 
the calyx, sometimes fleshy. Seed erect or resupinate; embryo curved 
around farinaceous albumen, often like a horse-shoe, or spiral, or 
doubled togetlaer without albxunen; radicle next the liilum. — Herbs 
or undershrubs, with alternate, sometimes opposite, exstipulatc leaves, 
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and hermaphrodite or unisexual flowers. They are found in almost 
all parts of the world, but do not abound in the tropics. Most of the 
plants are inconspicuous weeds. There ure 67 known genera, and 
372 species. Exampka — Chenopodium, S^Ucomia, Salsola, Atriplex, 
Beta, Basclla. 

987. Many of the plants of this order are used as esculent potherbs, 
such as Spinacia oleracea^ Spinage, Beta vulgons. Beet, and var. cam- 
pestris^ Field Beet or Mangold WurzeJ, Atriplex horten^^ Garden Orach, 
Chejwpodium Bonus Henricus^ English Mercury. The seeds of Chmo- 
podium (luifhoa are used as food in Peru, under the name of pettj^ 
rice. The plant grows at a great elevation. Its leaves ai’e used for 
spinage. They contain much starch and oil, combined with a bitt(^r 
substance, which appears to reside in the integuments. Many of the 
plants grow in salt marshes, and are called Halophytes salt, 

and ^vrovi a plant). They yield a quantity of soda. Among them 
may be enumerated species of Salicornia, Salsola, Halimocnemis, and 
Kochia. Beet-root yields a quantity of sugiir. Ambrinn anthel- 
mintica yields a volatile oil, which is used in the cure of worms. 
Some of the Chenopodimis have a very fetid odour. The genus Att^i- 
plex has polygamous flowers, and was placed by Linnfeus in his class 
l^olygiunia. Salvadora persica, the true Mustard-tree, or aiveivt 
of Scripture, has been referred to this order. Lindley considers it 
the type of a new order in his Echial iilliance. The tree grows in 
Syria, and it has been found in Ceylon. Its root is acrid. Its succu- 
lent fruit has the taste of cresses, and its seeds are very small. 

088, Order 147. — Phytoinccacece, the Phytolacca Family. {Apet. 
Perifjijn.) Penanth 4-5-partite. Stamens usually perigynous, inde- 
finite, or equal to the segments of the perianth, and alternate with 
them. Ovaiy of 1 or several carpels, distinct or combined; ovule I 
in each carpel, ascending or erect; styles eqmil to the carpels in number, 
terminal or lateral; stigmas simple or divided. Fruit fleshy and dry, 
indehiscent, sometimes samaroid. Seeds solitary, erect or ascending; 
embryo straight or curvc’.d; albumen mealy or 0; radicle next the 
liilmn. — ^Undei’shrubs or herbs, with alternate, entire leaves, whicli 
are often dotted. They are natives both of tropical and warm conn 
tries, and are found in America, Asia, and Africa. The order has 
been divided into two suborders: — 1. Phytolaccoa?, with ascending 
seeds, embryo curved round mealy albumen, and exstipulatc leaves. 
2. Petiveriea;, with an erect seed, exalbuminous straight embryo, and 
stivulate leaves. There arc 12 known genera, including about 70 
sjiecies. Examples — ^Phytolacca, Eivina, Petiveria. 

989. There is frequently much acridity in the jflants of this order, 
and some of them act as irritant emetics and purgatives. Tlie 
succulent fruit of Phytolacca decaihdra, common Poke, yields a red 
juice. It has been used as a remedy in cases of chronic syphilitic 
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pajns, and it possesses also emetic and purgative qualities. The plant 
is said to yield much potash. Petiveria alliacea is the Guinea-hen- 
weed, so called on account of these animals being fond of it. 

990. Order 148. — Poiygonacere, the Buckwheat Family. (Apet 
Hypog» and Peftigyn.) Perianth inferior (fig. 688 c c\ divided, oilen 
coloured; asstivation imbricate (fig. 689). Stamens definite, inserted 
into the bottom of the perianth (fig. 688 e e, e /); anthers with longi- 
tudinal dehiscenae. Ovary free (fig. 688 o\ usually formed by 3 car- 
pels, unilocular; ovule solitary, orthotropal (fig. 418); styles and 
stigmas equal to the carpels in number (fig. 688 s). Fruit a nut, usually 
triangular, naked or covered by the persistent perianth (fig. 271). 
Seed erect; albumen farinaceous; embryo antitropal, generally on one 
side (fig. 690) sometimes in the axis of the albumen; radicle superior 



(fig. 690). — Herbaceous, rarely slinibby plants, with alternate, stipu- 
late, or exstipulatc leaves, and often unisexual flowers. Tlicy are 
found m almost aU parts of the world, more especially in the tem- 
perate regions of the northern hemisphere. They grow in fields, 
waste-grounds, ditches, mountains, &c. The order has been divided 
into two tribes; — 1. Polygonesc, with loose flowers, embryo usually 
abaxial (fig. 521), ochreate stipules (fig. 132). 2. Eriogonese, witli 

involucrate flowers, embryo axial, leaves generally exstipuhite. 
Lindley enumerates 20 genera, including 400 species. Examples — 
Polygonum, Rumex, Rheum, Eriogonum. 

991. The plants of this order have astringent and acid properties ; 
some of them are purgative, and a few arc acrid. Their astringency 
depends on the presence of tannin, juid their acidity cliiefly on oxalic 
acid. The root of Polygonum Bistorici^ Bistort, so called on account of 

Figs. eSfWfflO.— Organs of fructification of Fagopyruni escuicntuin (Polygonum Fugopyrum), 
to illustrate the natural order l^olygonaceae. 

Fig. fiSS,— Vertical section of the fiower. c c, Perianth, e e, Outer stamens, which arc in- 
trorsc. e t, Iimer statnens, wliieh arc oxtrorsc. a, Glandular appendages, o, Ovary with Its 
erettt pvule, g. «, Styles and stigmas. 

^ Fig. 689.— Diagi'am of the flower, showing five divisions of the imbricate perianth, stamens 
<qp^site the divi'siops, with glands and tiian^lar unilocular ovary. 

fig. 690.— Seed cut vertically, showing the embryo with its superior radicle curved at one 
side of mealy albumen. 
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its double twist, contains much tannin, some gallic acid and starch, and 
is a powerful astringent. The leaves of P. Hydropiper^ Water-pepper, 
are acrid and vesicant. P. timtorium yields a blue dye. The fruit of 
P. aviculare is emetic and purgative. The fruit of Fdgopyrum esculen- 
tum^ and other species of Buckwheat, is used as food. The plant is 
cultivated in some northern countries. The leaves of Rumeon Acetosa, 
Common Sorrel, and of R, Acetosella^lPield Sorrel, are acid and astringent. 
Tlie roots of Rumex cuiuaUcus^ Water Dock, R. *ilydrclapathum^ Great 
Water Dock, and of other species, are used as astringents and alter- 
atives, while those of R. alpinus^ under the name of Monk’s-rhubarb, 
were formerly employed as purgatives. One of the most important 
plants of the order is the Rhubarb-plant. The officinal rhubarb is 
the root of an undetermined species of Rhemi, The extent of country 
from which rhubarb of one kind or another is actually collected, 
according to Christison, stretches from Ludak, in 77J° east longitude, 
to the Chinese province of Shen-si, 29“ farther east, and jfrom the 
Sue-chan moimtains, in north latitude 26“ nearly to the frontiers of 
Siberia, 24“ northward. Tlie best rhubarb is said to come from the 
very heart of Thibet, within 95“ east longitude, and 35“ north latitude, 
five or six hundred miles north of Assam. The following are the 
s]>ecics of Rheum said to yield rhubarb: — 

1. Rheum Palmatum. L. This has perhaps the best title to be considered the 
true rhui)arb-plant. 

*2. lUicvm undulatum, L., which yields much of the French rhubarb. 

Rheum Compactum^ L. Another species yielding French Khubarb, and 
often cultivated in Britain for its acid petioles. 

4. Rheum EmodU Wall. This species yields a kind of Himalayan rhubarb. 

Its petioles are used for their acid properties. 

5. Rheum rhaponticum, L. Used in France and Britain in the same way as 

the third species. 

G, Rheum hyhridum, Murr. Mueli cultivated in Germany for its root, and in 

Britain for its stalks. 

7. Rfieum Webbianum., lioylc. A Himalaya i species. 

H. Rheum sfneiforme, Royle. Another Himalayan species. 

9. Rheum Moorcroftianwn^ Royle. Another Himalayan species. 

1 0 . Rlieum crassinerviuitu Fisch. A Russian sjiccies. 

1 1 . Rheum ieucorhizum, Pall. A Siberian and Altai species, said to yiehl 

imperial or white rhubarb. 

1 2 . Rheum Capsicum, Fisch. A Caspian and Altai siiecies. 

1 3. Rheum Ribes, L. An Aftghaiiistan and Persian species. 

All these species grow in the cold paiiis of the world, as on the Altiu 
niouiitains, in Siberisi, Thibet, North of China, and on the Himalayan 
range. The rhubarb procured from one or more of these sj)ecies, is 
known in commerce imder the names of Russian or Turkey, Chinese oi* 
East Indian, and English rhubarb. Rhubarb contains raphades of oxa- 
late of lime (T 18), along with tannin, gallic add, resin, and a peculiar 

2 1 
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yellow-coloured principle called rhabarberin, which seems to bo 
identical with chrysophanic acid, Eaphides form from 35 to 40 per 
cent, of Turkey rhubarb, and give rise to its grittincss. These ciy^stals 
are less abundant in the other varieties of rhubarb. Rhubarb is 
employed medicinally as a cathartic, astringent, and tonic, in the form 
of powder, pill, extract, tincture, wine, and infiision. Coccohha 
uvtfera, Sea-side-grape, so called from the appearance of its fruit, 
yields an astringent substance, called Jamaica IGno. 

992. Order 149. — Bcsroniaceie, the Begonia Family. (Apet Diclin,) 
Flowers unisexual. Perianth coloured, having usually 4 divisions in 
the male flowers, and 5 or 8 in the female, some being smaller than 
others ; a;stivation imbricfite. Stamens 00, distinct, or united into a 
solid column; anthers collected in a head, dithecal, with a thick 
connective, and longitudinal dehiscence, Ovaiy adherent to the tube 
t)f the perianth, winged, 3-celled, with three placentas meeting in the 
axis; ovules 00, anatropal; stigmas 3, sessile, 2-lobed, somewhat 
spirally twisted. Fruit a membranous, triangular, winged capsule, 
dehiscing . below in a loculicuhd manner. Seeds 00, minute ; testa 
thin and reticulated ; albumen 0 ; embryo oblong ; radicle next the 
liilum. — Semi-succulent herbaceous plants and undorshrubs, with 
Jiltemate oblique leaves, having large scjuious stipules. They are 
sometimes called Elcphant’s-car, from the form of the leaves. They 
are natives of warm countries, sis the East and West Indicjs, and South 
America. The stomata on the lower side of the leaves of many of the 
species of Begonia are arranged in clusters, and exhibit a bea\itiful 
appearance under the microscope. Tlieir leaves and young stems are 
acid, and have been used for tarts. Tlieir roots are astringent and 
slightly bitter. Begonia ohliqua is said to have purgative roots, and it 
is sometimes called wild rhubarb. There fue 3 genera, and 159 
known species. Example — Ifogonia. 

993. Order 150. — i^anraccie, the Laurel Family. {Apet. Periggn^ 
Perianth with 4 or 6 divisions, which fire usually in 2 rows (figs. 
691, 692), the limb sometimes obsolete; aistivation imbricate (fig. 692). 
Stamens perig 3 mous, definite, often twice as many as the divisions of 
the perianth, and arranged usually in two roivs ; those of the inner 
row (often three) being frecpiently sterile (staminodia), (fig. 693 e s), 
while those of the outer (often sis in number) are fertile (figs. 692, 
693 e/); if the inner stamens are fertile, they are extrorse, while the 
outer are introrse ; filaments of the inner row often with glands at 
their base (figs. 325, 694 g) ; anthers 2-4-cellcd, cells opening by 
longitudinal valves (figs. 325, 695). Ovary superior, unilocular, (fig. 
693 o); ovule solitary, pendulous (fig. 693); style simple; stigma ob- 
tuse (fig. 693 s). Fruit baccate or drupaceous, naked, or covered by the 
enlarged perianth (fig, 696); peduncle of the fruit sometimes becom- 
ing fleshy. Seed solitary, pendulous; albumen 0; embryo inverted 
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(fig. 697 c) ; cotyledons large, plano-convex, peltate near the base ; 
radicle very short, superior; plumule eonspicuous. Trees, with 
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• •xstipulatc, alternate, rarely opposite leaves; sometimes twining, para- 
sitic, and leafless herbs or undershrubs. They are natives chiefly of 
tlie tropical regions of Asia and Americfi. Few are found in Africa. 
The order has been divided into two suborders: — 1. Lauresc, true 
Laurels, trees with leaves. 2. Cassythese, Dodder-laurels, climbing 
pai-fisitic plants without leaves. There are 47 known genera, and 
159 species. Examples — ^J^aiiras, Ciimamomuni, Persea, Nectandra, 
''retranthcra, Cassytha. 

994. The plants of this order are in general aromatic and fragrant. 
Many of them yield volatile and fixed oils, others furnish camphor, 
and others have bitter and tonic barks. Some supply useftil timber. 
Lamms nohilis is the Victor’s-laurcl, the leaves of which were used to 
crown the conquerors in battle, and in the Olympic games. It is pro- 

I’jgs, OrgiiiiH of fmetification of Cinnainoniuni Kcylanicum (Launis CJimamoiniiin), 

to illuKtrutc the niiturul order Luurncese. 

Fig. di>l.~Flower entire, witii (^-ilivideil periantli. 

Fig. Diagi-ani of the tiower, with six iinhrieate divisions of the perianth; stamens in two 
TOWS the outer six introrse, the inner three extrorse; glandular disk, and unilocular ovary. 

T'ig. <{9a — The flower out vertically, o, The perianth, c /, Fertile outer stamens with valvu- 
hvi mtnn’se (lehisct^iice. e s, Sterile inner stamens with glandular bodies, o, Monothccol ovary 
wtih xamdiiloiis ovule. «, Style, and obtuse stigma. 

Fig. d{)4.— Stamen separated. /, Filament, with two glandular bodies, g, at its base. «, An- 
ther with valves. 

Fig. 695.— -Anther viewed separately, showing its mr>de of dehiscence from below uiwards by 
four longitudinal valves. 

Fig. 696.— Fruit, which is succulent and partially enclosed in the persistent perianth. 

Fig. 697.— The fruit deprived of the perianth, and cut vertically, jp, Pericarp- i, Integument 
of the seed, e, Emhiyo. 



484 


JLAVJSULCRM. 


bably the miM of the Bible. It is often called Sweet-bay, and is quite 
distinct from the common Bay, or Cherry-laurel (Cerasus Lauroceramui), 
both as regards structure and properties. It does not yield any hydro- 
cyanic acid. The leaves and fruit are used medicinally as aromatic 
stimulants. The leaves contain a volatile oil, and the dark-colourcd 
firuit yields, by expression, an odoriferous concrete oil of a green 
colour, called Oil of Bays. Campfiora offidnarum (Laurus Camphora)^ 
a native of China, Japan, and Cochin-China, is the Camphor-tree. 
Many plants supply a land of Camphor, but the common camphor of 
the shops is the produce chiefly of this tree. AH parts of the tree 
supply it, but it is obtained principally from the wood by distillation 
and subsequent sublimation. It is used in medicine as a sedative anti- 
spasmodic, in the form of mixture and tincture. The Borneo camphor 
has been noticed under the natural order Dipterocarpacese (•[[ 789). 
Sassafras officinale {Lamms Sassafras)^ is an American tree, the root, 
wood, and flowers of which have been used m medicine. The root is 
prescribed in Britain as a warm aromatic stimulant and diaphoretic. 
It contains a volatile oil. Cinnamoniuin zeijlanietim (Lamms Cinnamo- 
mwn'), is the true Cinnamon-tree, which is extensively cultivated in 
Ceylon. The tree attains the height of 30 feet. The bark of the 
tree constitutes the cinnamon of commerce, the |D 3 p of the Bible. 
The yotmg twigs furnish the best cinnamon. The bark yields by dis- 
tillation an on, which is at first of a yellow colour, but soon assumes 
a reddish hue, Tlie ripe fruit yields a concrete oil called cinnamon- 
suet. The root yields camphor. Cinnamon is administered as a tonic, 
stomachic, and ctirminativc. The average importation of cinnamon 
into London is estimated at 500,000 pounds. The leaves of the 
cinnamon-tree are more or less acuminated; they have three principal 
ribs, which come into contact at its base, but do not unite; its young 
twigs are not downy, and its leaves have the taste of cloves. Cinna- 
rmmum Cassia or aromathum {Laur^us Cassia), seems to be the chief 
source of the Cassia li^ea, or Cassia-bark of commerce, the mp of 
the Bible. It differs from the true cinnamon in many particulars. 
Its leaves are oblong-lanceolate; they have three ribs, which coalesce 
into one at the base; its young twigs are downy, and its leaves have 
the taste of cinnamon. There is a fine specimen of the plant about 
twenty feet high in the Edinburgh Botanical Garden, which bears flowers 
regularly every year, and occasionally has produced fruit. Cassia- 
bark is imported from Canton through Singapore. It yields a yellow 
volatile oil caUed Oil of Cassia. Both the bark and oil are administered 
as aromatic stimulants. It is probable that Cassia buds, which con- 
sist of the llower-bud (perianth and ovary), are the produce of the 
Cassia-bark tree. They are used chiefly in confectionery, and they 
have the flavour and pungency of Cassia. Malabar Cassia appears to 
be the produce of ano^er species of Cinnamomum, perhaps C. meaXyp- 
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toi(le&, Nectmdra llodwd, a large tree found in British Guiana, yields 
a bark known as the Bebeeru-bark. The wood of the tree is im- 
ported for ship-building, under the name of Green-heart. ITie bark 
was used by Dr. Eodie, who detected the existence of an alkaloid 
called Bebcerina. Dr. Douglas Maclagan obtained it pure, and found 
along with it another alkaloid called Sipeerina. Sulphate of Bebeerina 
is used as an antiperiodic. The cotyledons of the seed contain much 
starch, and are used for food. Persea gratissima {Laurus Persea) yields 
a pear-shaped succulent fruit called Avocado or Alligator-pear, or 
Subaltem’s-butter. It contains a fixed oil. The clove nutmegs of 
Madagascar are produced by Agathophyllum aromatmm^ and Braalian 
nutmegs are the produce of Oniptmanja moschata. Benzoin odmiferum 
is the Spice- wood or Fever-bush of North America. 

995. Order 151. — iriyristicaccffe, the Nutmeg Family. {Apet. Di~ 
vUn.) Flowers unisexual. Perianth trifid, rarely quadrifid, in the 
femiile deciduous; estivation valvate. Stamens 3-12; filaments com- 
bined into a cylinder; anthers united or distinct, dithecal, extrorse, 
dehiscing longitudinally. Ovary free, composed of one or more carpels, 
uiiilocuhu’; ovule solitary, erect, anatropal; style very short; stigma 
somewhat lobed. Fruit succulent, 1 -celled, 2-valved. Seed solitary, 
usually covered by a laciniated arillus; (embryo small, orthotropal, at 
the base of ruminate albumen; cotyledons fbliaccous; radicle inferior. 
— ^Trecs with alternate, exstipulate, entire, not dotted leaves. Natives 
of the tropical regions of Asia and America. There are 5 known 
genera, and between 30 and 40 species. Example — ^Myristica. 

990. Acridity and aromatic fragrance are the properties of the 
order. The most important plant is Myristica officinalis {M, rnoschata 
or nrnunatica)^ a tree attaining a height of thirty feet, foimd in the 
Moluccas, and cultivated in many tropical countries. The fhiit is 
drupaceous, and opens by two valves when ripe, displaying the beau- 
tiful reticulated scarlet arillus, which constitutes mace. Within this 
is a thin, hard, dark-brown, glossy shell, covering the kernel, which is 
the nutmeg of the shops. It is said that a single tree w'ill yield on an 
average about six pounds of nutmegs. By expression they are made 
to yield a concrete oil called Adeps MyiisticcB^ or sometimes errone- 
ously oil of mace. A volatile oil is also procured by distillation. 
Mace is an arillode or additional covering of the seed commencing at 
the exostome (T 581). It has a fine crimson hue, and yields a fatty 
matter and volatile oil, resembling those of the nutmeg. Nutmeg and 
niuce are used medicinally as aromatic stimulants and condiments. In 
large doses they have a narcotic effect. The fleshy part of the fruit is 
used as a preserve. The kernels of Myristka tommtosa are also used 
as aromatics, under the name of wild or male nutmegs. The bark of 
many plants of the order yields an acrid juice, which is sometimes of 
a crimson colour. A red pigment is furnished by Pyrrhosa tingens. 
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997. Order 152. — Proteacete, the Protea Family. {Apet Perygn,) 
Perianth more or less deeply 4-dmded; *estivation valvate. Stamens 
perigynous, 4 (1 sometimes sterile), opposite the segments of the peri- 
anth; anthers dithecal, with longitudinal dehiscence. Ovary single, 
superior, unilocular; ovules single or in pairs, anatropal or amphitro- 
pal; style simple; stigma undivided, discoid. Fruit dehiscent or in- 
dehiscent. Seed cxalbuminous, sometimes winged; embryo straight ; 
cotyledons 2 or more; radicle inferior, next the hilmn. — Shrubs or 
small trees, with hard, dry, opposite or alternate, exstipulate leaves. 
They are natives principally of Australia and the Cape of Good Hope. 
The order has been divided into tw'o sections: — 1. Nucumentacea?, 
with nucumentaceous indehiscent fruit. 2. Folliculares, with follicular 
dehiscent fruit. Lindley mentions 44 genera, including 650 species. 
Examples — Protea, Persoonia, GreviUea, Hakea, Bunksia, Dryandra. 

998. The plants of this order have no medicinal properties of im- 
portance. They present great diversity of appearance, hence the name; 
of the order, and they are cultivated for their handsome habit, and 
the peculiarity of their flowers. The clustered cone-like heads of the 
flowers of Banksias have a remarkable appearance. In Grevillea the 
style is at first bent downwards, and the discoid stigma is enclosed within 
the upper part of the perianth, where the anthers are placed; but 
after the pollen has been scattered, the stigma is emancipated, and the 
style rises upwards. The fruit and seeds of a few plants of the order 
are eaten, and the wood is used for economicjil purposes. Guevim 
Avellana yields nuts, which are sold in Chili under the name Avellano. 
Protea mellifet*a is called Sugar-bush, on account of the honey fur- 
nished by its flowers. Lemaderidron argenteum is the Witteboom of 
the Cape. 

999. Order 153. — Elfcognacefc,the Oleaster Family. {Apet DicUn. 
and Periggn,) Flowers usually unisexual, rarely hermaphrodite. 
Male flowers amentaceous, with 2-4 leaves forming the perianth; 
stamens 3, 4, or 8; anthers nearly sessile, dithecal, introrse, and 
dehiscing longitudinally. In the female and hermaphrodite flowers, 
perianth tubular, persistent, with an entire or 2-4-toothed limb. Disk 
fleshy. Ovary superior, 1 -celled; ovule solitary, ascending, on a 
short funiculus, anatropal; style short; stigma simple, subulate, glan- 
dular. Fruit a crustaceous achaenium, enclosed within the enlarged 
succulent perianth. Seed ascending; embryo straight, surrounded by 
thin fleshy albumen; cotyledons fleshy; radicle inferior. — Trees or 
shrubs, with alternate or opposite, entire, exstipulate leaves, which are 
often covered with scurfy scales (fig. 83). They are found in all parts 
of the northern hemisphere. They have no marked medicinal pro- 
perties. The fruit of some is eaten. Hippophas rhamnoides^ Sea 
Buckthorn, is furnished with sharp spines, and forms a good hedge 
near the sea. Its fruit is eaten, although it is said by some to have 
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narcotic qualities. The plant yields a yellow die. The fruit of 
Ekeagnus parvifolia is eaten. There are 4 known genera, and 30 
species. Examples — ^Elajagnus, Hippophac. 

1000. Order 154. — Fem€*ac«e,theSarcocol Family. [Apet. Perigyn,) 
Perianth coloui'ed, salver-shaped, with a 4-lobed limb, and with two 
or more bracts at its base, persistent. Stamens perigynous, either 4 
or 8, alternate with the lobes of the perianth; anthers dithecal, introrse. 
Ovary superior, 4-celled; ovules usmiUy in pairs, collateral, anatropal, 
ascending or suspended; style simple; stigmas 4. Fruit a 4-celled, 
4-valved capsule. Seed erect or pendulous; testa brittle; hilum 
with a fuiigus-like aril; nucleus a fleshy mass, without distinction of 
filbumen or embryo. — Slirubs, with opposite, entire, exstipulate leaves. 
They are found at the Cape of Good Hope. They have no known 
properties of importance. The gum-resin called Sarcocol is said to be 
produced on the perianth of Fencea SarcocoUa^ and other species. 
There iu*e two sections of tliis order: — 1. Pengeeai, aestivation valvate, 
stamens 4, connective fleshy, ovules astjendiiig. 2. Geissolomeae, ajsti- 
vation imbricate, stamens 8, connective not fleshy, ovules suspended. 
Tliere are 3 known genera, and 21 species. Examples — ^l^enaea, Geis- 
soloma. 

1001. Order 155. — riifiiicisDacese, the Daphne Family. {Apet 
Peviggn,) Periantli tubular, coloured, 4- rarely 5 -cleft, inferior; 
occasionally with scales in its orifice; iustivatioji imbricate. Stamens 
perigynous, definite, often 8, sometimes 4 or 2 and then opposite the 
segments of the perianth; anthers dithecal, with longitudinal dehis- 
cence. Ovary fi\*e, 1 -celled; ovule suspended, anatropal (fig. 426); 
style 1 ; stigma undivided. Fruit eitlier nut-like or drupaceous. 
•Seed solitiuy, ])endulous; albumen 0, or thin and fleshy; embryo 
straight; cotyledons plano-convex, or somewhat lobed and shrivelled; 
radicle superior. — Shrubby, rarely herbaceous plants, with alternate, 
or opposite, entire, exstipulate leaves. [Natives of various parts of the 
world both in wfirm and temperate regions. Tliere are two sections 
of the order: — 1. Daphncfc, with hermaphrodite or rarely unisexual 
flowers, and plano-convex cotyledons. 2. Ilemandieaj, with poly- 
gamous flowers, and lobed and shrivelled cotyledons. Lindley enu- 
merates «38 genera, including 300 species. Examples — ^T5aphne 
(Thymelffja), Passerina, Pimelea, Gnidia, Lagetta, Exocarpus, Heman- 
dia, Inocarpus. 

1002. The bark of many of the plants is acrid and irritant, the 
fruit is often narcotic. The bark of the root, as well as that of the 
branches of JJapUm Mezei'eum^ Mezereon, is used in decoction as a 
diaphoretic in cutaneous and syphilitic affections. In large doses it 
acts as an irritant poison, causing hypercatharsis; and, when applied 
externally, it acts as a vesicant. It contains a neutral crystdline 
principle called Daphnein. The succulent fruit is also poisonous. The 
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barks of Daphne Onidiurm^ D, alpma^ D. Cmorum^ D, pontica, and J). 
Lcmreola^ Spurge-laurel, have similar properties. The fruit of Dirca 
palmtriSy Leather-wood, is said to be narcotic. The bark of many of 
the plants is made into ropes and paper (fig. 101). The inner bark of 
Lagetta Untearia {Daphne Lagetta)^ when cut into thin pieces after 
maceration, ass'times a beautiful net-like appearance, whence it has 
received the name of Lace-bark. The bark, young leaves, and seed 
of HernandiOy are slightly purgative. The seeds of Inocarpns edulis 
have the taste of chestnuts, and are eaten when roasted. 

1003. Order 156. — Aqaiinriacece, the Aquilaria Family. {Apet 
Perigyn,) Perianth coriaceous, imbricate or tubular, limb 4-5-lobed; 
ffistivatiou imbricate. Stamens usually 10 fertile, alternating with 10 
sterile, in the form of petaloid scales, sometimes 8 or 5 ; filaments in- 
serted into the orifice of the perianth, often united; anthers dithe.cal, 
with longitudinal dehiscence. Ovary free, ovate, compressed, 2 -celled; 
ovules 2, suspended, anatropal; stigma usually sessile, large and sim- 
ple. Fruit a pyriform, sessile, or stipitate 2-valved capsule, or drupa- 
ceous and indehiscent. Seeds 2, one on each placenta, pendulous; 
albumen 0; cotyledons fleshy, hemispherical; radicle straight, superior. 
— ^Trees, with alternate or opposite, entire, stalked, and exstipulate 
leaves. They are natives of the tropical regions of Asia. They have 
no known medical properties. Aquilaiia ovata and Agalhchm fur- 
nish a fragrant wood called Eagle-wood, or Aloes-wood. It is pro- 
bably the d'Vttm, the trees of Aloes or Lign-Aloes, of the Bible, yield- 
ing an aromatic perfume. There are 6 genera noticed, including 10 
species. Examples — ^AquUaria, Gyrinopsis. 

1004. Order 157. — Chaiiietiacetc, the ChaiHetia Family. {Apet. 
Perigyn.) Perianth 5-parted, with an incurved valvate ajstivation. Sta- 
mens inserted into the base of the perianth, 5 inner fertile opposite the 
segments of the perkinth, 5 outer sterile, petaloid, usually with glands 
at their base; anthers ovate, versatile, dithecal. Ovary free, 2- 3- 
celled; ovules twin, pendulous; styles 2-3, distinct or combined; 
stigmas capitate or obscurely 2-lobed. Fruit dry, 1- 2- or 3-cclled. 
Seeds solitary, pendulous, exalbuminous; embryo thick; cotyledons 
fleshy; radicle superior. — ^Trees or shrubs, with alternate, stipulate 
leaves, and axillary peduncles, ofl^n cohering to the petiole. They 
are natives of the warm parts of Africa and South America. The 
fruit of Chailletia toxicaria is said to be poisonous. There are 4 genera, 
and 10 species known. Emmplee — Chailletia, Tapura. 

1005. Order 158. — Samydacete, the Samyda Family, {Apet Peri’^ 
gyn,) Perianth 4-5-divided, usually coloured inside; aestivation some- 
what imbricate. Stamens inserted into the tube of the perianth, 
2, 3, or 4 times as many as its divisions, either all fertile, or the alter- 
nate ones sterile, shorter and fringed; fllaments monadelphous at the 
base; anthers erect, ovate, 2-ceiled. Ovary free, 1-c^ed; ovules 
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00, attached to parietal placentas, semi-anatropal ; style 1, filiform; 
stigma capitate or slightly lobed. Fruit a coriaceous, unilocular, 3-5- 
valved capsule, partially dehiscent. Seeds 00, fixed irregularly on the 
pulpy inner surface of the valves, with a fleshy arillus, and a hollowed 
liilum ; embryo large, in the midst of oily or fleshy albumen ; cotyle- 
dons ovate, foliaceous ; radicle pointing to the extremity remote from 
the hilum. — ^Trees or shrubs, with alternate, Simple, stipidate leaves, 
usually having pellucid, round, or linear markings. Natives of tropi- 
cal regions, chiefly in America. Some of the species of Comma are 
bitter and astringent. There are 5 known genera, and 80 species. 
Examples — Samyda, Casearia. 

1006. Order 159. — Homaiiacefe, the Homalia Family. {A 2 )€i, 
Perigyn.) Perianth fimnel-shaped, with 5 to 15 divisions, and having 
usually alternating petaloid segments, and glands or scales in front of 
the outer divisions. Stamens perigynous, either single or in parcels of 
3 or 6, alternating with the outer divisions of tlie perianth ; anthers 
dithecal, with longitudinal dehiscence. Ovary partly adherent to the 
tube of the perianth, 1 -celled; ovules numerous, anatropal, pendulous, 
attached to 2, 3, or 5 parietal placentas ; styles 3-5, simple, filiform, 
or subulate. Fruit either baccate or capsidar. Seeds small, ovate ; 
embryo in the axis of fleshy albumen; cotyledons leafy; radicle 
superior. — Trees or shnibs with alternate leaves, liaving deciduous 
stipules. Many look upon the petaloid division of the perianth *as 
true petals. Lindley puts this order in his Cactal sdliance, and con- 
siders it as allied to Loasaceaj. It contains tropical plants, which do nt»t 
possess any important proi)erties. Lindlty mentions 8 genera, includ- 
ing 30 species. E:mmples — Ilomalimn, Nisa. 

1007. Order 160. — Sautaiacete, the Sandalwood Family. {Apet, 
Fapigyn.) Perianth superior, 4-5-clefl; ; ajstivation valvate. Stamens 
4-5, opposite the segments of the perianth, and inserted into their 
bases. Ovary coherent, 1 -celled; ovxdes 1-4, pendulous from the apex 
of a central placenta ; style 1 ; stigma often lobed. Fruit nut-like or 
drupaceous. Seed solitary; embryo minute, in the iixis of fleshy 
albumen ; radicle superior. — ^Trees, shrubs, or herbs, with altejmate or 
nearly opposite exstipulate leaves. Found in various parts of the 
world, as Europe, Asia, America, and New Holland. Lindley gives 18 
geneni, including 110 species. Examples — Sjmtaluin, Os 3 nis, Thesium. 

1008. Some are astringent, others yield fragrant wood. Santalnm 
alhvm^ and other Indian jmd Polynesian species, yield Sandalwood, 
which is used both medicinally and as a perfome. The seeds of some 
of tlie plants of the order are eaten. The species of Thesium seem to 
be root-parasites. The large seeds of Pyruima oMfera^ Bufialo-tree, 
or Oil-nut, yield a fixed oil. 

1009. Order 161. — ^Artotoiochiacefc, the Birthwort Family. {Apet. 

Perianth adherent, tubular, 3-clefl; (fig. 699), regular or 
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sometimes very irregular (fig. 698) ; aestivation valvate or induplicatc. 
Stamens 6-12, epigynous, distinct or gynandrous (fig. 701). Ovary 
inferior, 3-6-celled (figs. 700, 702) ; ovules 00 (fig. 700), anatropal, 



horizontal; style, simple, short; stigmas radiating, 3-6 (fig. 701 ^f). 
Fruit dry or succulent, 3-6-Gelled (fig. 703). Seeds (fig. 704) numer- 
ous ; embryo very minute, at the base of fleshy albumen (fig. 705) ; 
cotyledons inconspicuous; radicle next the hilum (fig. 700). — Herbs 
or shrubs, often climbing, with alternate, simple, often stipulate leaves, 
jmd solitary axillary flowers. Found in abundance in the warm 


Figs, — Organs of fructification of Aristolocliia Clematitis, to illustrate the natural order 

Aristolochiac^iie. 

Fig. fi9H.--.Hower entire, consisting of an inferior ovary, and a superior, in-egular, funnel - 
sliaped perianth, o, Part of the perianth adlicrcnt to the ovary. Part of the tube of the. 
penanth, witli a swollen portion at the base, enclosing the anthei'S aud stigriia. Limb of the 
perianth prolonged laterally in a tonguc-like form. 

Fig. 609.— Oiagram of the flower, showing three dlvisionB of the perianth, six anthers, and six 
cells of the ovary. 

Fig. 700.— Lower part of the flower cut vertically, o. Ovary with numerous ovules. «, Kadi- 
ating stigma. Antliers. c. Swollen part of tlie tube of tlie perianth. 

Fig. 701.— «, Stigma with the anthers adhering to the column in pairs, o. Summit of the ovary, 
c, Swollen part of the tube of the perianth. 

Fig. 702.— Horizontal section of the six-celled ovary. 

Fig. 703. — Ripe fruit Fig. 701 — Angular seed. 

Fig. 705.— Seed cut vertically, f. Integument tliickened near the chaloza. jj. Fleshy peri- 
sperm. e, Minute embryo. 

Fig. 706.-~£nibryo separated, with cotyledons and radicle. 
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regions of South America, and growing also in the temperate and 
cold regions of Europe, Asia, and America. There are 8 known genera, 
and 130 species. ExampUa — ^Asarum, Aristolochia. 

1010. The plants of the order are generally bitter, tonic, and stimu- 
lant. Some are acrid, and act as emetics. The leaves of Asarummropcevm 
jire used as an acrid emetic under the name of Asarabacca. The roots 
appear to have greater activity than the leaves. Tlie powdered root 
and leaves enter into the composition of cephalic snuffs, which cause 
sneezing by their irritation, and are used in cases of headache and 
oj)hthalmia. An active crystalline substance, called Asarin, exists in 
the plant. Asarum canadense^ Wild Ginger, or Canada Snake-root, is 
used as a spice in Canada. Tlie shrubby species of Aristohehia have 
a peculiar arrangement of vascular bundles in their wood. There are 
no concentric zones, but a number of separable wedges (If 90). The 
name of Birthwort, given to Aristolochias, depends on their supposed 
action on the uterus. Some of them arc used as emmenagogues. The 
root of Aristolochia serpentarki^ V^irginian Snake-root, is a stimulant 
tonic. The plant is a native of the United States. It was formerly 
used as an antidote to snake-poison. It is now employed occasionally 
as a tonic diaphoi'ctic. Aristolochia longa^ rotunda^ and Clematitis^ were 
celebrated in ancient times as uterine remedies. Tlie roots of many of 
the species have a strong jiromatic taste. Those of Aristolochia augni- 
ctda are said to stupify snakes. 

1011. Order 162. — NepemhacefCt the Pitcher-plant Ftimily. (Apet 
Diclm,) Flowers diojcious. Perianth 4-parted, inicrior; ajstivation 
imbricated, Male flowers : Stamens united in a solid central column; 
anthers about 16, forming a spherical head, extrorsc, and with 
longitudinal dehiscence. Female flowers : Ovary free, ft>ur-corncred, 
4-celled ; ovules 00 ; stigma sessile. Fruit a 4-ceIled, 4-valvecl 
ca]>sule, with loculicidal dehiscence. Seeds 00, ascending, very 
minute, fusiform, with a loose testa ; nucleus less than the seed, sus- 
pended by the chalfiza ; embryo in the midst of fleshy albumen ; 
cotyledons plano-convex ; r«ulicle pointing to the hilum. — Herbs, or 
half-slirubby plants, with alternate leaves, slightly sheathing at the 
base, having a foliaceous petiole, which forms an ascidium at its ex- 
tremity, and the lamina in the fonn of a lid (fig. 184). Natives of 
swampy ground in the East Indies and China. Tiiey have no knowm 
properties. The pitchers have been found to cont^ a solution of 
bin(>xalate of potash. Some chemists have detected muriate of soda, 
malic, and other acids in them. Spiral vessels abound in all parts of 
the pitcher plants; and the woody bundles are without concentric 
i!ones. Lindley gives 1 genus, and 6 species. Example — ^Nepenthes. 

1012. Order 163. — i^atiscacefe* the Datisca Family. (ApeU 
lliclin,) Flowers unisexual. Male Flowers: Perianth 3-4 -divided. 
Stamens 3-7 ; anthers linear, membranous, dithecal, with longitu- 
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, filial dehiscence. Femsde flowers: Perianth adherent, 3-4-toothe(l. 

inferior, unilocular ; ovides 00, anatropal, attached to 3 or 4 
parietal placentas; styles as many as the placentas. Fruit a 1 -celled 
capsule, opening at the apex. Seeds 00, strophiolate, with a reti- 
culated spermoderm ; albumen 0 ; embryo straight ; cotyledons very 
; radicle pointing to the hilum. — Herbaceous branched plants or 
trees, with alternate, exstipulate leaves. They are scattered over 
North America, various parts of Asia, and the south-eastern part oi’ 
Europe. Some of the plants are said to be bitter, and others of them 
•have purgative qualities. It has been stated that female plants of 
Datkea canTiaMna have produced seed without the application of pol- 
len. Facts are still wanting to prove this. Lindley mentions 3 
genera, and 4 species. Examples — Datisca, Tetrameles. 

1013. Order 164. — isntpetraccics the Crowberry Family. {Apet. 
Diclin,) Flowers unisexual. Perianth bud-like, consisting of per- 
sistent imbricated scales, in 2 or 4 alternating rows, the inner row 
often petaloid. Male flowers : Stamens 2-3, equal in number to the 
scales in each row, and alternating with the innermost, liypog}mous ; 
anthers roundish, dithccal, with longitudinal dehiscence. Female 
flowers: Ovary free, seated on a fleshy disk, 3~ 6- or 9-celled ; ovules 
solitiuy, anatropal, ascending ; style 1 ; stigma with as many radii as 
there are ovarian cells. Fruit a nuculanium, seated within the per- 
sistent perianth. Seeds solitary in each nucule, ascending; embryo in 
the axis of fleshy albtunen ; radicle inferior. — ^Heath-like shrubs, with 
alternate or somewhat verticillatc, evergreen, exstipulate leaves. They 
inhabit chiefly Europe and North America. The Iruit of some is 
slightly acid. Empetrum mgrim^ the black Crowberry, is common on 
the mountainous and northern parts of Europe. The fruit is watery, 
and very slightly acid and astringent. Lindley notices 4 geneni, and 
4 species. Examples — Empetrum, Corema. 

1014. Order 165. — Kuphorbiacote, the Si)urge Family. (J)ldw,) 
Flowers unisexual, sometimes enclosed within an involucre (fig. 707). 
Perianth lobed, inferior (figs. 314 c, 31 7 o), with various glandxdar or 
petaloid, scaly, internal appendages (figs, 314 pa^ 405); sometimes thc^ 
flowers are naked (fig. 708). Male flowers (fig. 707 jw. fm): Stamens 
definite or 00, distinct (fig. 708) or monadelphous (fig. 314, 1), or poly- 
adelphous (fig. 317) ; anthers bilocular, sometimes with porous dehis- 
cence (fig. 323). Female flowers (figs. 405, 707//): Ovary free, 
sessile or stalked, 1-2-3- or many-celled (fig. 709) ; ovules solitary or 
twin, suspended; styles equal in number to the cells (figs. 314, 2, 
709 s), distinct or combine^ sometimes 0 ; stigmas severd, or 1 with 
sever^ lobes. Fruit usually tricoccous (figs. 447, 453), witli the cocci 
separating in an elastic manner, and opening by 2 valves (figs. 710, 
711), or indehiscent and fleshy. Seeds solitary (fig. 712) or in pairs, 
.suspended, often arillate (fig. 453 gg)\ embryo enclosed in fleshy albu - 
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iiion (fig. 483); cotyledons flat (fig. 509); radicle superior (fig. 713). 
— Trees, skrubs, and herbs, often abounding in acrid milk, with oppo- 
site or alternate, often stipulate leaves, sometimes none. Some look 
on this order as apetalous, with a tendency to develop a corolla, while 
others consider it polypetalous, with a tendency to have the co^Ua 



suppressed. In European plants of tbe order there arc usuaU}' no 
] petals present, but in those of tropical countries the corolla is fre- 
([uently well marked. In the Euphorbias of Britain, there is an evi- 
dc'nt involucre, siurrounding a number t^f achlamydeous male and 
H'lnale flow(?rs, which by Linnajus were looked upon as merely stamens 
and pistils, and hence the platits were put by him in Dodccandria in 
])Uice of Moncecia (see ^ 401). The flowers in Euphorbiacea) vary 
much in the. number of theii’ parts, jus may be setm in figs. 545-550. 
Sometimes the general pedmicle or rachis becomes flattened and leaf- 
llke (fig, 229). The inflorence is occasionally amentaceous, as in 
tbe division Scejiaceev, which is separated, as a distinct but not fully 
defined order, by Bindley. The plants of the order abound in warm 
regions, espiicially in Equinoctial America, where they occur as trees 
or bushes, or lactescent herbs, juid often present the appearance of 
C’jtctuses, from which their milky juice* at once distinguishes them. They 
:ire Jilso found in North America and in Europe. In Britain there are 


Ki;j:s. 707-713. .Ov^^jjns of friictificiitioji of Euphorbia palustrts to illustrutc tlic natural order 
(Cuphurbiacua*. 

Fiff. 707.— Iiitloreseeiioe, witli the involucre, it, opened and spread out, to show the position 
'‘f tile male aii<l fonialc tiowers which it encloses. ij j/, Glands (glandular lobes) alternating;^ with 
I lie divisions of tlic Invtilucrc. b b, Membranous lamina*, or bracts, ut the base of the dowers. 
r Achlamydeous male flowori^ cousistinff of a sinjrle stamen, supiKirtcd on a pedicel, to 

which it is attaclied by an articulation, ff, Achlamydeous female dowser in the centre; tlie 
ovary and styles supported on a long ixidicel, 

Fifif. 70SL~-Achlamydcoiis male dower separate^l. b, Uract. p. Pedicel, f, Filament articu- 
lated with tile pedicel, a. Anther. 

Fi;,^ 70b.— Female dower, p. Summit of the iKjdicel wliich supjiorts it. r, A dattened ]Mirtioii 
of the pedicel, which some call a perianth, o, Tricoccous ovary, s. Styles and stigmas. 

Fig. 710, — One t>f the cocci (caipeis), c, sqiarated, and seen on its inner surface, g. The seed 
‘'Cell across tlie opening by which the nourishing vessels enter. 

Fig. 711.— A coccus separated, after dehiscence and cx}>ulsion of the seed. 

Fig. 712.— Seed separated. 

Fig. 713.-- Seed cut veitically. /, Integument (siiermodemi). p, Perispenn (deshy albumen). 

Embryo with dut cotyledons, and a superior radicle. 
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18 species. There are about 192 known genera, and upwards of 
2500 species. Examples — ^Euphorbia, Ilippomane, Hura, Acalypha, 
Croton, Jatropha, Ricinus, Phyllantlius, Buxus. 

1015. Tlie plants of this order arc acrid and poisonous. These 
properties reside especially in their milky juices, which are contained 
in laticiferous vessels (fig. G6), in which the movements of Cyclosis 
were observed by Schultz 262). In many cases the elaborated 
sap contains caoutchouc and resin. The acrid i)roperties of the order 
are also found in the seeds, many of which yield oils, both of a bland 
and of an irritating na ture. 

1016. The milky juice of many species oi Euphorlia is caustic, and 
has been used for destroying warts, and causing vesication. At other 
times the juice has been used for its purgative and emetic properties. 
The root of Euphorbia Ipecacuanha has been employed as a substitute for 
Ipecacuanha. The resinous substance called Euphorbium is procured, 
in aU probability, from two African species, Eiiphorhia offwinariim and 
(mtiquorum^ as well as from E. canariemis, a native of the Canary 
Islands. The resin is a powerful irritant, and has been used as a 
vesicant. It causes great iiTitation of the mucous membrane when 
applied to tlie nostrils and eyes, and it acts as a cathartic when taken 
internally. Many sp(jcics of Eupljorbia yield resins of a similar nature. 
I'he juice of Ilippormne Manmidla^ Manchineel, is very acrid and 
poisonous. When applied to the skin, it excites violent inflammation, 
followed by ulceration. Tin* juice of Hura crepitans^ Sandbox-tree, 
or Monkey’s dinner-bell, is also very acrid. The fruit of this trcic is 
composed of numerous 1 -seeded cocci, which, whci» dry, separate from 
each other with great force. Merciirialis peremi^ and annua^ pro- 
duce vomiting and purging. 

1017. Mjmy important medicinal oils arc furnished by the plants 
of this order. Castor-oil is expressed from the seeds of Eiemus cow- 
munis {Palma Christi), a plant with peltatc-paliuatc leaves (fig. 146), 
which is found native in Greece, Africa, and the East Indies, and is 
cultivated in tlie West Indies, as well as in North and South America. 
In the temperate and more northern parts of Europe, the plant is a 
herbaceous annual of from three to eight feet high; in the more 
southern parts it becomes shiuoby, and even attains a height of twenty 
feet ; while in India it is ollcn a tree thirty or forty feet high. The 
best oil is got by expression from the seeds without heat, and is called 
cold-drawn Castor-oil. It is entirely soluble in alcohol, and, by the 
action of hyponitrous acid, it is converted into a sohd yellow substance 
called Palmin, The oil acts as a mild laxative. Besides this com- 
paratively bland oil, there exists in the seed a powerfully cathartic 
constitutent, which remains behind when the oil is expressed, and 
which is destroyed or evaporated under the process of ebullition. 
Croton-oil is obtained by expression from the seeds of Croton Tiglium^ 
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ill! Indiiin and Asiatic shrub* It acts as an irritant purgative in the 
dose of one drop. In large doses it is a dangerous poison. When 
applied externally it produces pustules. Other species of Croton, as 
0. Pavana and Roxhurghii, yield a purgative oil. The oil procured 
from the seeds of Euphorbia Lathyris^ Caper-spurge, has cathartic 
])roperties, and so has that procured from the seeds of Jatropha Curcm 
{Curcas purgam)^ Pliysicor Purging-nut, Jatropha multiJujUi^ and Ilura 
rrepitam. The fatty matter obtained Irom the' seeds of Stilivgia seU- 
Jlra^ the Tallow-tree of China, is used for making candles ; the plant 
also yields a bland oU. The roots of Euphorbia pilom and palustri< 
are usc^d as purgatives, and are said to have been useful in hydrophobia. 

1018. Cascarilla is the bark of Crotmi Eleuteria, and of other species 
of Croton. It acts as a tonic and stimulant. Wlien burned it gives 
out a musky odour, and is often used in pastilles. The bark of another 
species of Croton (C. suberoms\ is known by the name ol‘Copalchi bark, 
and used as a tonic. The bark of Bmrt/s fiempervirens^ Box-tree, is said 
to be alterative, and its leaves have bitter and purgative equalities. Its 
wood is much used for wood-engraving. It is conjectured that the 
hard wood called African Teak, is the produce of a Kuphorbiaceous 
tree. In the root of Jauipha Manihot {Mamhot utilmima), a shrub 
about six feet high, extensively cultivated in tropical countries, then* 
is much starchy matter deposited, usually along with a poisonous nar- 
c.otic substance, which is said to be hydrocyanic acid. The latter can b(". 
removed by washing, or it can be driven off by roasting, and then the 
starch is used in the form of Cassava bread. There are two varieties 
of the Cassuva or Manioc plant; one (called sometimes f/a/wjpAa An?- 
jluujii) 1 laving a sjhndic-sliaped root, brown extemally, about six omices 
ill Avcigbt, which contains amylaceous matter, without any bitterness, 
and is used as food under tlie name of Sweet Cassava; another, called 
Bitter Cassava, having a knotty root, black exU;rnally, and sometimes 
*‘>0 lbs. m weight, which is bitter and poisonous, and requires to be 
rasped and washed thoroughly before the amylaceous matter can be 
used. From the starch of the Bitter Cassava, Tapioca is prepared by 
clutriatioii and granulating on hot plates. Maniliot starch is some- 
times imported into Eui’opo under the name of Brazilian Arrow-root. 
The milky sap of Euphorbia phosphorea, is said to emit a peculiar phos- 
])horesccnt light. That of Siphonia elastwa contains much caoutchouc, 
and supplies the bottle India-rubber. Aleurites hiccifera furnishes 
gmu-lac in Ceylon. Crozophora timtoria supplies a purple dye called 
Turnsole, which becomes blue on the addition of ammonia. The 
seeds of a few species of Aleurites^ Anda^ aud Ornphalea are edible. It 
is said that, in some instances, the elaborated sap has poisonous pro- 
perties, while the ascending sap is innocuous (T 263). A species of 
Coilebogyne is. stated to have produced perfect seeds without the 
application of pollen (^501). 
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^ 1019.. Order 166.— -irrttcace»« the Netde Family. (Apet, D'idin,) 
Flowers unisexual (fig. 716), hermaphrodite or polygamous, scattered, 
or collected into catkins or heads. Perianth usually divided (fig. 
716). Stamens definite, inserted into the perianth; filaments some- 
times curved in a5stivation (fig. 715). Ovary free (figs. 717, 718), 
rarely coherent, 1-2-celled ; o^e soHtary, erect (fig. 718), or sus- 
pended ; stigmas 1 or 2, simple or bifid (fig. 718). Fruit an inde- 
hiscent nut, surrounded by the persistent pericarp, or a samara, or a 



syconus, or a sorosis (figs. 245, 240, 475). Seed solitary, cToct, 
suspended, or pendulous, albuminous or cxalbuminous ; embr^'o 
straight, or curved, or spiral; radicle superior (figs. 719, 720). — 


Fig. 714- 7*J().-~Orffans of fructification of Uitica urenti, to illustrate tlie natural order Urti 
Cfiooai, section Urticeie. 

•Fig. 714.— Bud of the iimlc flower, ^^ewed from above. 

token frani the hud of the uiaJe flower, with the elastic incurved filament, 
and the anther hent doiMi before dehiscence. 

F'ig. 716.— Male flower expanded, c, Perianth with four divisions. #> c p Four hvpoirvnoui- 
stamens, thrown hack by the elasticity of tlie fllamcnls, with the anthers burst, p r, AbortiN i 
iniaiment of the central pistil. ’ 

Rg. 717.-Fcraale flower, c, Perianth with four unequal segments, the two exteiior ones 
being very small, o, Unilocular ovary. «, Sessile stigma. 

Fig. 7ia— Hstil cut vertically, toalioyrthe direction of the erect utiiJe, o. p, I’arietes of tin- 

Rg. 71fl-See(l cut vertic^ly, paridlel to the cotyledons, t. Integument (spennoderm) 
/<, Hilum. p, Perlsperm. e. Embryo straight, with the radicle suixirior. 

Rg. 720.— Seed cut peniendlcularly to the cotyledons, t. Integument. K TTflura. Peri 
hperm. c, Embrj^o. . ’ 
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Her^s, shrubs, or trees, with alternate, stipulate leaves, which are 
usually hispid or scabrous. This order has been dividM into the fol- 
lowing suborders : — 

i. XJrtioefiB, True Nettles (figs. 714-720); rough-leaved plants, often \nth sting- 
ing hairs, filaments elastic, and curved in sestivation (fig. 715); fruit an in- 
dehiscent nut; seed erect, albuminous; embryo straight; juice wateiy. 
They are widely scattered over the globe, and many of them follow the, 
footsteps of man in his migrations. 

^2. Cannabinese, llcmp tribe : scabrous plants with erect filaments ; fruit inde- 
biscent ; seed suspended, exalbuminous ; embryo hooked or spiral ; juice 
watery. They occur chiefly in temperate regions. 

3. Ulmacesc, Elm tribe ; rough-leaved trees or shrubs ; filaments erect in aesti- 
vation; fruit 1-2-cellcd, samaroid or drupaceous; seed pendulous, usually 
exalbuminous ; embryo straight or curved ; juice watery. Natives of the 
northern and mountainous parts of Europe, Asia, and America. 

1. Morcae, Mulberry tribe: usually rough-leaved trees or shrubs; filaments 
erect in aestivation ; fruit a sorosis or syconus (figs. 246, 47 5) ; seed solitary, 
pendulous, albuminous ; embryo hooked ; Juice milky. Natives of tem- 
perate and tropical regions. 

5, Artocarpcjii, Bread-fruit tribe : trees or shrubs, with leaves often rough ; 
filaments generally erect in icstivation ; fruit often a serosis ; seed erect or 
pendulous, albuminous ; embryo straight ; juice mdky. Natives of tropical 
regions. 

arc between CO and 70 known genera, and about 600 species. 
FjxampLes — Urtica; Cannabis, Iluniulus: UlmiLS, Celtis; Morus, Ficus, 
Dnrstenia; A,rtocarpus, Antiaris. 

1020. llie properties of the order are various. Many yield valu- 
jibhi fibres, others sujiply important edible fruits, others fiimisb 
caoutchouc, aud others form important forest trees. Vtvriotis species 
Ilf Urtica^ Nettle, such as JT. dwica^ urens^ idkilifera^ sHmuktris, crenulata, 
and nrmiissima^ have stinging hairs (tig. 86). The young shoots of 
the common nettle are sometimes used like spinach or greens. Urtica 
vinmahhm and ienacissiina furnish fibres fit for cordage. Bmhmeria 
ntrea supplies fibre lor the Oliiuese grass-clotli, and Bmhmeria Puya 
gives the Pooah or Puya fibre of Nepal and Sikkim. In Nettles 
and Pellitoiies, the elastic fihunents turn the anthers back with elas- 
ticity, and cause the scattering of the pollen (T 497). Specimens of 
IVee-nettle, Urtica (figantea^ were measured by Backhouse in Aus- 
tralia, and found to be 18, 20, and 21 feet in circumference. Their 
sting is very severe, causing violent inflammation. Cannabis saliva is 
the source of the vduable fibre called Hemp. A variety called Can- 
mbis indica is used in India for producing intoxication. It is also 
<'m|.>J<>ycd medicinally in the form of extract, as an antispasmodic and 
anodyne, in cases of tetanus and neuralma. The properties of the 
hemp plant aj)pear to be much modified by climate. The Indian 
variety has a marked resinous varnish, called Churrus, on its leaves. 
What is called Bhang in India, consists of the dried larger leaves and 
Ihiit, while Gunjah is the whole plant dried after flowering, and the 
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Haschi^li of. Ambs is composed of the tops and tender parts of the 
plant i^ed. The strobili of tihe female plants of Humuhis Lupulm 
constitute hops, the bitterness of which resides in the resinous glandu- 
lar scale! surrounding the fruit, and to which the name of Lupulinic 
glands, or Lupulin, has been applied. The latter name is also given 
to the bitter principle of the hops. Hops are employed as a tonic and 
narcotic, in the form of extract, inhision, and tincture. Tlieir tonic 
properties depend on their bitterness. A pillow stuffed with hops is 
a popular means of procuring sleep. The twigs of hops have been used 
to adulterate Sarsaparilla. Sevei^ species of Elm are cultivated for 
timber. Ulrrms campestris^ English or small-leaved Elm, rarely pro- 
duces fruit in this country. It often attains a height of 70 to 90 
feet, with a diameter of 4 to 5 feet. Its wood is compact and dur- 
able under water, and it has been used for sleepers on railways, 
and for wooden pavements. Its inner bark is bitter, mucilaginous, 
and astringent. Ulmus rrmitana^ the Mountain, Wych, or Scotch Elm, 
produces £mt freely in this country, but its wood is inferior to that of 
the English Elm. Celtis^ the Netde-tree, or Sugar-berry, has a sweet 
drupaceous fruit. 

1021. The common Fig is the fruit of Ficus Canca. It consists of 
a succulent hollow receptacle, enclosing numerous single-seeded car- 
pels (fig. 246), and is cdled a syconus 558). The fruit is demul- 
cent and laxative, and is used for cataplasms. Mmiy other sj^ecies of 
Ficus yield edible fruits. Tlie plants belonging to tlic Fig tribe art; 
gener^ly remarkable for the adventitious roots which they send out 
from the steins. One of the most celebrated in this respect is Ficus 
indica, the Banyan (If 121, 635). Many of the species can live sus- 
pended in the air for a long time. A specimen of Ficus australis has 
grown in this way in the Botmiic Garden of Edinburgh for upwards 
of twenty years 217). Ficus {Urostigma) religiosa is the Fippul- 
tree, or Sacred Fig of India. F, elastica is an Indian tree which sup- 
plies a large quantity of caoutchouc ; so idso do Ficus Endula, elliptica, 
and primides. P(^culiar clusters of raphides are found in the cellular 
tissue of some of them (fig. 39). The milky jiiice is not in aU instances 
bland and innocuous ; it occasionally has acrid qualities. Ficus Syco- 
Tnortts {Sycomorus antujuomm\ is probaldy the Sycamore of the Bible, 
* the onsjTO of the Old Testament, and the of the New. llie 

wood of the tree is said to be very durable. Moms nigra supplies 
the common black Mulberry, which is an anthocarpous fruit, composed 
of ni^inerous succulent flowers, forming a sorosis (fig. 475). The Mul- 
is the or Sycamine-tree of the New Testament. Some 

.have considered it as the CD'ap® of the Old Testament. The white 
Millberry, a less-esteemed fruit, is the produce of Moms alba. Both 
offtthese mulberries arc subacid. Tlieir leaves are the favourite food 
of Suk-worms. The root of the white Mulberry is anthelmintic. The 
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of the Bible is the name of some tree or shrub, and it is doubt- 
ftilJy translated Mulberry-tree. Dorstmim have a slightly concave 
broad receptacle, bearing numerous flowers (fig. 245). D. Crntrayerva, 
D, and D, hrasUiensis furnish the Contraycrva-rootof commerce. 

The officinal part is the root-stock, which is used as a stimulant, tonic, 
and diaphoretic. Broussomtiajpapyrifera is the Paper-mulberry, so called 
on account of being used in China and Japan in the manufacture of a 
kind of paper. It is called Crape-paper, and is prepared by pounding 
the bark, steeping it in water, then mixing it with glue, and taking it 
up with a mould of Bamboo-screen of the size required. The dye- 
wood called Fustic is the produce of Madura {Broussonetia) timtorm, 
1022. The Artocari)us section is important as regards its uses. 
Artocarpas incisa^ the Bread-firuit tree, supplies an amylaceous finiit,, 
which furnishes an abundant supply of food in tropical countries. 
The properties of this tree are thus; enumerated by Hooker : — ^The 
fhiit serves for food ; clothes are made fi-om the fibres of the inner 
bark ; the wood is used for building houses and making boats ; the 
male catkins are employed as tinder ; the leaves for table-cloths and 
for wrapi)ing provisions in; and the viscid milky juice affords birdlime. 
.^1. integrifolia is the Jack or Jaca, the fruit of which attains a large 
size, sometimes weighing tliirty pounds, and is inferior in quality to 
the Bread-fruit. In both instances the fhiit is a sorosis, consisting of 
numerous flowers on a common axis, which becomes succulent. Tlie 
milky juice of many of tlie Artocarpus tribe supplies caoutchouc, and 
in some instances it is used as a substitute for milk. This is the case 
with the juice of Gaktetodendron utile (perhaps a species of Brommm^) 
which is called Pfilo de Vaca, or the Gow-tree, in Demerara. While 
the juice of some is nutritive, that of otliers is highly poisonous. Tims, 
Antiaris toxicaria is the source of the flimous poison called Bohun- 
Upas, or IJpas-Antiar, by the Javanese, and which is said to owe its 
j)roperti(‘s to the presence of Strychnia. Another Upas poison, called 
Upas-Tieuto, has already been noticed under the order LoganiacesB, as 
being the produce of a species of Strychnos. The wood of Piratinera 
guianensis (probably a species of Brosimum) is called Snake-wood, or 
Letter- wood in Demerara, and is used for articles of furniture. Speci- 
mens sent by Dr. Campbell from Demerara have been beautifully 
manufactured in Scotland. Tlie bjirk of Lejmrandra saccidora (pro- 
bably a species of Antiaris) is used for forming sacks. Mr. N. B. 
Ward, in London, has one of these bags in his Museum, which has 
been formed by separating the bark entire from the wood throughout 
the whole extent, with the exception of a small portion at one end. 
The wood has then been removed from the interior, a part being 
left with the bark attached to form the bottom of the sack. The 
seeds of many of the Artocari)us tribe ai'e eaten. Brosinmm Alicas- 
trum yields bread-nuts, which, when boiled or roasted, are nutritious 
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and agreeable articles of food. Cecropia peltata is the Trumpet-wood, 
so called on account of the hollowness of its stem and branches, wliich 
are used for wind instruments. Tlie fibrous bark of the tree is used 
for Cordage. 

1023. Order 167. — CeratophyiiaGefe, the Homwort Family. {Apet. 
DicUn,) Flowers unisexual Perianth inferior, 10- 12 -parted. Male 
flowers: Stamens 12-20; anthers sessile, bilocular. Female flowers: 
Ovary fi:ee, 1 -celled; ovule solitary, pendulous, orthotropal ; style 
filiform, oblique; stigma simple. Fruit a 1 -celled indehiscent nut, 
terminated by the hardened style. Seed solitary, pendulous, exalbu- 
minous ; cotyledons 2, but apparently 4 ; radicle inferior. — ^Aquatic 
submersed herbs, with verticUlate leaves cut into filiform lobes. They 
are found in ditches in various parts of Europe, Asia, and America. 
The affinities of the order are still obscure. Some authors consider 
it as allied to Lythracese, others ^o Chenopodiaceai, while Lindley puts 
it in his Urtical alliance. Its properties are unimportant. There is 
only 1 genus, and about G species. Example — Ceratophylhun. 

1024. Order 168. — Podostemacefc, the Podostemon Family. (Apet. 
MimocUn.) Flowers naked, or with a more or less perfect perianth, 
bursting through an irregularly -lacerated spatha. Stamens h 3 rpog}’- 
nous, definite or indefinite, distinct or monadelphous; anthers dithecal, 
with longitudinal dehiscence. Ovary free, 2-3-ceUcd ; ovules numer- 
ous, anatropal, attached to a fleshy centrid placenta ; styles or stigmas 
2 or 3. Fruit slightly pedicellate, capsular, 2-3-vdved. Seeds 00 ; 
embryo exalbuminous, orthotropal. — Herbaceous, branched, floating 
plants, with capillary, or linear, or lacerated, or minute and imbricated 
leaves. Natives chiefly of South America, and of the islands to the 
east of Africa. Little is known in regard to their properties. The 
affinities of the order are not well determined. Some authors put it 
among the Monocotyledons. There are 9 known genera, jmd 25 
species, according to Lindley. Examples — Podostemon, Lacis. 

1025. Order 169. — suiaginaccee, the Stilago Family. (Apet. Diclin.) 
Flowers unisexual. Perianth 2-3- or 5-partite. Male flowers : Sta- 
mens 2 or more, arising from a swollen receptacle ; filaments capillary; 
anthers innate, 2-lobed, with a fleshy connective, and vertical cells 
opening transversely. Female flowers: Ovary free, 1-2-cclled; ovules 
2, anatropal; stigma sessile, 3-5-toothed. Fruit drupaceous. Seed 
solitary, suspended; embryo in fleshy albumen; cotyledons leafy; 
radicle superior. — ^Trees or shrubs, with alternate, stipulate leaves. 
Natives chiefly of the East Indies. Some yield edible fruits, others 
are used as potherbs. The position of this order in the natural system 
is obscure. Lindley places it in the Urtical alliance, others consider 
it as allied to Amentacefe. There are 3 known genera, and about 20 
i^ecies. Exemipks — Stilago, Antidesma. 

1026. Order 170.* — Monimiaccfc, the Monimia Family. {Apet. 
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Didin.) Flowers unisexual. Perianth somewhat globose, in one or 
3nore rows, divided at the border. Male flowers : Stamens indefinite, 
covering the whole interior of the perianth 5 filaments often with 2 
scales at the base; anthers dithecd, with longitudinal dehiscence. 
Female flowers : Ovaries several, superior, enclosed within the tube of 
the perianth, each with 1 style and 1 stigma ; ovule solitary, pendu- 
lous, anatropal. Fruit consisting of several achaenia, enclosed within 
the enlarged periimth. Seeds pendulous ; embryo at the end of copious 
fleshy albumen; radicle superior. —Trees or shrubs, with opposite 
^^xstipulate leaves. Tliey are natives chiefly of South America and 
Australia. The bark and leaves are aromatic and fi’agrant. Tlie 
succulent fruit of some is eaten. There are 8 known genera, and 
about 40 species. Examples — ^Monimia, Boldoa. 

1027. Order 171. — ^Atherospermaccfe, the Plume-Nutmeg Family. 
{A 2 )et Didin.) Flowers unisexual. Perianth tubular, divided at the 
top into several segments in 2 rows, the inner often petaloid, and 
accompfinied in the female flowers with a lew scales. JNIale flowers : 
Stamens 00, insoi'ted in the bottom of the perianth : filaments with 
scales at the base; anthers 2 celled, with valvular dehiscence. Female 
flowers: Ovaries usually 00; ovule solitary, erect; style simple, lateral 
or basilar; stigmas simple. Tn some flowers, though rarely, stamens 
and pistils are found, and in that cast* the stamens are fewer, and aiise 
from the orifice of the perianth. Fruit consisting of achscnia, with 
pei*sistent, ultimately feathery styles, enclosed within the tube of the 
])erianth. Seed solitary, erect; embryo small, at the base of soft, 
flesh}’^ albumen; radicle inferior. — ^Trees, with opposite, exstipulate 
leaves, found in Austnilia, and in some pfirts of South America. They 
.‘ire gtnjerally fragrant. There are *3 known g(?iiera, and 4 species, 
;iccording to Lindley. Examples — ^Atherospenna, Laurelia. 

1028. Order 172. — i.aciflteiiiac«fe, the Lacistema Family. (A 2 *cf. 
Didin.) Flowers polygamous. Perijuith in several narrow divisions, 
covered by an enlarged bract. Stamen 1, hypogynous; anther having 
2 cells, 'which are separated by a thick 2-lobed connective, and which 
dehisce transversely. Disk fleshy. Ovary superior, 1 -celled ; ovules 
several, anatropal, attached to 2-3 parietal placentas; stigmas 2-3, 
nefirly sessile. Fruit a unilocular, 2-3-valved capsule, with locrdicidaJ 
dehiscence. Seed usually, by abortion, solitaiy, suspended, with a 
fleshy arillus; spermoderra crustaceous; embryo in fleshy albumen ; 
cotyledons flat ; radicle cylindrical, superior. — Small trees or shrubs, 
wiiih simple, alternate, exstipulate leaves, and amentaceous flowers. 
Tlioy are natives of the warm parts of America. Their properties are 
unknown. There are 2 genera, and 6 species. Example — Lacistema. 

1029. Order 173. — Chioranthacecc, the Chloranthus Family. 
{AchUimyd. Monodin. or Didin.) Flowers bisexual or unisexual, with 
ii supporting scale. Perianth 0. Stamens definite, lateral, and if 
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more than 1, connate; anthers monothecal, with longitudinal dehis- 
cence, each adnate to a deshy connective. Ovary unilocular; ovule 
solitary, pendulous, orthotropal; stigma sessile, simple. Fruit drapa- 
ceouB, indeTaiscent. Seed pendulous *, embryo minute, at the apex of 
ilesby albumen ; cotyledons divaricate •, radicle inferior, remote from 
the nilum. — ^Herbs or undershrubs, with jointed stems, opposite, sim- 
ple, stipulate leaves, sheathing petioles, and spiked flowers. Natives 
of the warm regions of India and America. Some of them as Chlo- 
ranthus officinalis, are aromatic and fragrant, and have been used as 
stimulants and tonics. Ihere are 3 known genera, and 15 species. 
Example — Chloranthus. 

1030. Order 174. — Sanmraccfe, the Lizard’s-tail Family. {AcMa- 
myd.) Flowers bisexual. Perianth 0, a scale or bract supporting the 
flowers. Stamens 3-6, clavate, hypogynous, persistent; filaments 
slender ; anthers 2-celled, continuous with the filament, with a thick 
connective separating the lobes, dehiscence longitudinal. Ovaries 
3-4, distinct, with 1 ascending ortliotropal ovule, and a sessile recurved 
stigma, or united so as to form a 3-4-celled pistil, with several ovules 
and 3-4 stigmas. Fruit either consisting of 4 fleshy indehiscent nuts, 
or a 1 -3-4-celled capsule, dehiscing at the apex, and containing a few 
ascending seeds. Seeds with a mcmbninous spermoderm; embryo 
minute, l 3 dng in a fleshy vitellus, outside of luird mealy albumen at 
the apex of the seed. — ^Herbs growing in marshy places, with alternate, 
stipulate leaves, and spiked flowers. Natives of North America, India, 
and China. Their properties are said to be acrid. There are 4 
known genera, according to Lindley, and 7 species. Examples — 
Saururus, Ilouttuynia. 

1031. Order 175. — pipemcece, the Pepper Family. {Achlainyd.') 
Flowers g . Perianth 0, flowers supported on a bract. Stamens 2- 
3-6, arranged on one side or all round the ovary ; anthers 1- or 2- 
celled, with or without a fleshy connective ; pollen roundish, smooth. 
Ovaiy solitary, free, 1 -celled; ovule solitary, erect, orthotropal; stigma 
simple, sessile, rather oblique. P'ruit somewhat fleshy, indehiscent, 
imiLocular. Seed erect ; embryo in a fleshy vitellus outside the albu- 
men, and at the apex of the seed. — Shrubs or herbs, with articulated 
stems, leaves opposite (sometimes alternate by abortion of one of the 
pair of leaves), or verticiUate, exstipukte or stipulate, and spiked or 
racemose flowers. Natives of the hottest quarters of the globe. 
Common in South America and India. The wood is often arranged 
in wedges, with medullary rays, but without concentric zones. There 
«re 21 known genera, and upwards of 600 species. Examples — 
Piper, Artanthe, Peperomia. 

1032. The plants of the order have pungent, acrid, and aromatic 
properties^ Most of them contain an acrid resin, and a crystalline 
principle wled Piperin, in which their active qualities reside. Some 
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arc narcotic and astringent. The dried fruiting spikes of Piper Umgum^ 
an Indian creeper, constitute Long-pepper. Of late, however, the 
genus Piper has been subdivided, and this kind of pepper has been 
referred to various species of a new genus, Chavica^ viz. C, peepvXoidm^ 
Roxburghn^ and offwiimrum. The dried unripe fruit (drupes) of Piper 
nigrum constitute Black-pepper, a climbing plant common in the East 
Indies. The ripe fruit, when deprived of its outer fleshy covering by 
washing, forms the Wliitc-pepper of the shops. These peppers are 
hot aromatic condiments, and they arc used medicinally as tonic, 
stimulant, febrifuge, and stomachic. Tlie fruit of Piper Cuheba 
{Cuheba officimlis), a climbing plant of Java and other Indian islands, 
is the medicinal Cubeb-pepper, which is used extensively in arresting 
discharges from mucous membranes. It contains a resin, a volatile 
oil which is very active, and a peculiar principle called Cubebin. 
The substance cfdled Matico or Matica, consists of the leaves and 
unripe fruit of Piper mgustifolimn (^Artanthe elengatay It possesses 
aromatic, fragrant, and astringent qualities. It has been particularly 
recommended for checking hacmori'liage, a property which seems, in 
part, to be a mechanical one, depending on tlie structure of the leaf, 
which also abounds in tannin. The root of Piper methystimm is the 
Kava of the South Sea Islanders, which is used by them for pre- 
paring a stimulating beverage. The leaf of Betel-pepper {Pipcfi' BetU) 
is chewed with the Arcca nut in the Etist, as a means of intoxication. 

1033. Order 17G. — ^Amcntaceie, the Catkin -bearing Family, (2>^c- 
lin.) Flowers unisexual. Male flowers (flg. 721) capitate or in catkins 
(amenta), (fig, 238,) sometimes witli a membranous perianth. Female 
flowers clustered, solitary (fig. 722), or in catkins. Stamens varying 



from 1 to 20, distinct (fig. 721) or monadelphous; anthers dithecal (fig. 
721). Ovary usually simple (fig. 723 o ) ; stigmas 1 or more (fig, 723 s). 


FIga 721-727. — Organs of frnctification of Corylns AvcUuna, tlie Hazel, to illustrate tlie nattital 
order Amentaceas, section Cupuliferas. 

Fig. 721.— Male flower separated from the catkin (amentum), c, Scale or bract bearing the 
stamens, a, with their dithecal anthers. 

Fig. 722.— Female flower, jf, in a very young state, with its involucre, i. 


Fig. 72B.— Female flower more advanced, 
by the perianth, c. «, Two stylea 


I, Involucre opened to show 


th^vary, 


', 0 , covered 
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Fruit membranous or bony, or drupaceous, indehiscent (fig. 726) uv 
dehiscent. Seeds solitary or numerous, erect or pendulous (fig. 724), 
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usually exalbuminous; embryo straight or curved; radicle mostly su- 
perior (fig. 727). — ^Trees or shrubs, with alternate, stipulate, or exsti- 
pulate leaves. Natives chiefly of temperate climates. The order has 
been divided into the following suborders: — 

1. Saliciness, the Willow tribe: flowers naked, or with a membranous enp-like 
calyx; ovules 00, erect, anatropal; fruit naked, coriaceous, unilocular, 2- 
valved; seeds comose; embryo erect; radicle inferior; leaves stipulate. 
Found in woods in temperate and cold regions. 

2. Myricese, the Gale tribe: achlamydeous flowers; stamens 2-8 in the axil of a 
scale ; ovary 1-celled, with hypogynous scales ; ovule solitary, erect, orth<.»- 
tropal; fruit drupaceous, often with a waxy secretion, and with fleshy ad- 
herent scales; radicle superior. Natives both of temperate and tropical 
regions, and found in North and South America, in India, and at the Cape 
of Good Hope. 

3. Casuarinea^, the Beef-wood tribe: flowers with bracts; stamen 1; ovary 1- 

celled ; ovules 1-2 ; fruit consisting of winged achmnia, collected into a cone ; 
seed erect; radicle superior. Australian trees or shrubs, with filiform 
branches, bearing membranous toothed sheaths in place of leaves. 

4. Betulinem, the Birch tribe: flowers with bracts, which are sometimes verti- 

cillate; ovary 2-celled; ovules solitary, pendulous, anatropal; fruit mem- 
branous, indehiscent, forming a sort of cone; seeds pendulous; radicle 
superior; leaves with deciduous stipules. Natives of temperate and cold 
re^ons in Europe, Asia, and America, and extending to arctic and antarc- 
tic regions. 

5. Balsamacem (Altingiacem), the Liquidambar tribe: flowers with verticillate 

bracts or minute scales; anthers numerous; ovary 2-celled; ovules 00, am- 
phitropal; fruit consisting of 2-celied capsules, united together so as to form 
a hard cone; seeds usually numerous, winged, albuminous; radicle superior; 
leaves stipulate. Balsamic trees, natives of tropical and warm regions. 

6. Platanese, the Plane tribe: flowers in globose catkins; stamen 1, with scales; 

ovary 1-celled; style thick and subulate; ovules solitary or in pairs; sus- 
pended, orthotropal; fruit consisting of compressed clavate nuts, terminated 
by a recurved style; seeds 1-2, pendulous, albuminous; radide inferior; 
leaves palmate or toothed, and stipulate. Natives chiefly of temperate 
regions. 

Fig. 724.--Feinale flower cut longitudinally, to show the two loculaineuts with u pendulous 
ovule in each. 

Fig. 725.— Female flower more advanced. Perianth. «, Styles. 

Fig. 726.— Bipe fhiit./, enveloped in its involucre or bracts, L 

Fig. 727.— Seed separated, t, Integument, half of which is removed to show tlie exalbuminous 
embryo, e. r, Superior radicle. 
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7. Cupiliferas (Corylaceae), the Nut tribe: flowers amentaceous (fig. 238) or 
aggregate; stamens 5-20, attached to scales (fig. 721) or a perianth; ovary 
surrounded by a coriaceous involucre (cupula), crowned by the remains of 
a persistent perianth (figs. 723, 725), multilocular; ovules 2 or 1, pendulous; 
fruit a glans (figs. 257, 726); seed usually solitary; radicle superior (fig . 
727) ; leaves stipulate, often feather-veined ( fig. 1 34) . Natives of temperate 
regions chiefly. Some extend to warm countries. 

This extensive Amental alliance, with which perhaps the next order 
should be incorporated, embraces 18 known genera, and 600 species. 
The suborders are by some considered as separate orders, and placed 
in various parts of their system of alliances. Examples — SaJix, Popu- 
lus; Myrica; Casuarina; Betuhi, Ahius; Liquichimbar ; Platanus; 
Corylus, Fagus, Castanea, Quercus. 

1034. The Amentaceous order contains trees which yield valuable 
timbe^r, and are extensively cultivated. Many have bitter, tonic, and 
astringent qualities. Some yield resinous and balsamic fluids; and 
the seeds of some are used as articles of food. The bark of many 
species of Willow, such its Salit Caprwa, alha, Eusselliana, frar/iJis, 
peMandra, vitellina, pur^mrea^ jind Helix^ yields a neutral crystsillint' 
bitter substance called Salaciii, wliich is employed as a febrifuge and 
tonic. The btirk also possesses astringent qualities from the prcscncf' 
oi‘ tannin, Salicin Jissumes a cannine-red tint when moistened with a 
tew drops of concentrated sidphuric acid. Vfirious species of Willows 
(osiers) are used for basket-making, while others are employed in 
forming charcoal. SaUx hahfhmica is the Weeping- willows Its sp(*nific 
iiame is founded on the supposition, that it was th(! species on ■which 
the Israelites hanged their harps by the waters of Babylon. Tlie word 
my in the Bible is doubtfully transhited Willow. Fojmlus alba Is com- 
monly called the Abcle, while P. treniuUi is the Aspen, and P, fasti- 
ipata and dilatata the Lombardy Poplar. The buds of Pojmlm nigra. 
and balsai?iifera are covered with a resinous exudation, to which the 
ufiine of Tacamahac has been given. The leaves and bark of some 
Poplars secrete a saccharine substance. Salix arctica and pol(iri< 
Hxtend to tlie arctic regions, and form the most northern woody plants. 
Salix herbaoea^ a small creeping Willow, occurs abundantly on the 
Scotch mountains. The downy matter surrounding the seeds of Pop- 
lars and Willows, is used for stufling pillows and cushions, as well as 
lor the manufacture of a kind of paper. 

1035. The species of Myrica are sworaatic, and yield resinous and 
oily matter. Myiica Gale is the Gale or Scotch Myrtle, which is com- 
mon ill marshy grounds and damp heaths in Britain. The fruit of 
Myrica c&rifera^ called Wax Myrtle, or Bay Myrtle, or Candlebeny, 
yields a greenish-coloured wax, which is used for candles. The 
drupaceous finiit of some Myricas is eaten. The leaves of Comptomn 
mpknifolia^ Sweet Fern, are found by Mr. Murchison to contain pecu- 
liar glands. Besinous matter is also procured from several species of 
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Liquidamhar^ and is known by the name of Liquid Storax. Liquid- 
ambar styrcudflua^ orimtale^ and Altingia, are said to be the chief 
sources of this resin or balsam, containing benzoic acid. The species 
of Casuarina (Cassowary-tree) yield excellent timber, called Beef- 
wood fix)m its having some resemblance to raw beef. What is called 
the She-oak in Australiji, is (7. quadrivalvis. In the integument of the 
seeds of Gasmrimis there are numerous spiral cells. 

1036. The species of Betula, Birch, have astringent and resinous 
barks. The oil from the bark of the common Birch {Betula alba and 
glutinosd) gives the peculiar odour to Kussia leather. In North 
America the bark of the Canoe Birch {Betula paxnjracea) is used for 
making boats. A saccharine matter exists in the sap of the Birch. 
Betula lenta is the Black Birch of America, and is called Mountain 
Mahogany on account of the beauty and hardness of its timber. Alnus 
glutinosaj common Alder, grows well on the muddy ground on the 
banks of rivers. Platanus onentalis^ the Oriental Plane, has broad 
palmate leaves, resembling the Sycamore which is often erroneously 
called the Plane in Scotland. Some say that this is the Sycamore of the 
ancients. Platanus oeddentaUs^ another species of Plane, is also culti- 
vated as a showy tree. 

1037. Tlie Hazel-nut, with its involucral appendage, is the produce 
of Gorylus Avellana, The bark of Quer'cus pedumuluta {Bohur\ the 
common Oak, contains much tannin, and is used as an astringent. 
Another British species, Q. sessHiflara^ having sessile fhiit, is said to 
yield the best timber. It is said that, in the wood of Q. pedumulata^ 
there arc numerous medullary rays (silver-grain), (fig. 99), while in 
that of Q. sessilijlora, Durmast, there are scarcely any visible. There is 
some doubt as to the existence of more than one species in Britain, and 
no permanent characters have been estjiblished. Babington mentions 
three species. It has been stated tliat 2000 well-grown oaks, equal to 
3000 loads of timber, are required to build a seventy-four gun ship. 
The acorns of Quercus jEgilops^ Valonia or Biilonia Oak, under the 
name of Velonia, Jire used by dyers. Oaks are liable to the attacks 
of insects, whose punctures give rise to the formation of galls. These 
excrescences occur on the buds, bark, and leaves. The medicinal 
galls are the produce of Qu^cus infectorin^ a native of Asia Minor, and 
the best are imported from Aleppo. They are caused by punctures 
from the ovipositor of the Diplolcpis (Cynips) Gallai-tinctorum. Blue 
galls are. those which still contain the young insect in their interior, 
while white galls are those from which it has escaped. In medicine 
they are employed as powerful astringents, and in the arts they are 
used for dyeing, tanning, and forming ink. The bark (Epiphlceum) of 
Quercus Suher constitutes cork (fig. 100). The bark of Quercus 
toria is called Quercitron, and yields a yellow dye. Quercus Ikx^ 
Evergreen Oak, is commonly cidtivated in gardens. The Oak, rrw 
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of the Bible, is said by some to be Quercm Grammuntia. The Beech- 
tree {Fagus sylvaUca)^ the Hom-beam {Carpmus Betulus)^ and the 
Spanish Chestnut (Castama vesca), belong to the Cupnliferous section 
of this order. Fagus Farstm is the Evergreen Beech of South 
America, found at Terra del Fuego. A species of Beech {F, antarcticd) 
is found in the antarctic regions. 

1038. Order 177. — jriigiandac«»f the Walnut Family. (Apet. 
Diclin,') Flowers unisexual. Male flowers amentaceous: Perianth 
membranous, oblique, irregularly-lobed, with a scaly bract. Stamens 
definite or 00; filaments short, free; anthers dithecal, erect. Female 
flowers in terminal clusters, or in loose racemes, with separate or 
united bracts: Perianth single or double, the outer 3-5-parted, mner, 
when present, in minute separate pieces. Ovary adherent to the peri- 
anth, 1 -celled; ovule solitary, erect, orthotropal; styles 1-2, veiy 
short; stigmas 2-4, fringed or sessile discoid and 4-lobed. Fruit a 
drupe, sometimes with an adherent involucre; endocarp bony, 2-valved 
or valveless, 2-4-celled at the base, and 1 -celled at the apex, with 
partial dissepiments. Seed exalbuminous, 2-4-lobed, with a mem- 
branaceous testa; embryo large; cotyledons fleshy, oily and sinuous; 
radicle superior. — ^Trees with alternate, pinnated leaves, having neither 
dots nor stii)ulcs. They are chiefly natives of North America. There 
arc 4 genera, according to Bindley, and 27 species. Examples — Jug- 
lans, Caryii. 

1039. While the plants belonging to this order yield edible oily 
nuts, their bark is often acrid, and there is frequently bitterness and 
astringency in the coverings of their fniit and seed. Tlic seeds of 
JvgUxns regia^ common Walnut, yield a bland oO, which may be used 
as a substitute for olive-oil. Camja alha yields the American Hickory- 
nut. Purgative and resinous properties prevail in some of the plants, 
llie timber of many of the trees is valuable. That of the Black Wal- 
nut {Juglans mgra) has a fine dark- brown colour when polished. 

1040. Order 178. — Gariraceic, the Ganya Family. \Apet Diclin,) 
Flowers unisexual, amentaceous. Male flowers: Perianth of 4 parts. 
Stamens 4, alternate with the segments of the perianth. Female 
flowers: Perianth superior, 2-toothed. Ovary unilocular ; ovules 2, 
pendulous on short ftmievdi; styles 2. Fruit baccate, indehiscent. 
Seeds 2; embryo minute, at the base of fleshy albumen. — ^North 
American shrubs, with opposite, exstipulate leaves. The male plants 
of Oarrya elliptica are commonly cultivated in shrubberies, and are 
prhsed for their peculiar silky catkins. Bindley associates with this 
order the Helwingiacese, which agree in their unisexual flowers, adhe- 
rent fruit, pendiilous ovules, minute embryo, at the base of solid 
albumen. There are 2 known genera, and 6 species. Example — 
Garrya, 
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Section B, — Gifmm)8p&rmce* 

1041. Monochlamydeous or Aclilamydeous plants, with an Exoge - 
nous structure as regards their stems and organs of vegetation, but 
differing from Exogens in having naked ovules, which are fertilized 
the direct application of the pollen to the foramen, without thci intci’- 
vention of stigma, style, and ovary. Their woody tissue is marked hy 
the presence of disks (figs. 47, 48, 808). They are included in Lind- 
ley’s class of Gymnogens, and Endlicher’s Gymnospermous division ol* 
Acramphibrya. 

1 042. Order 1 79. — Ooniffnc, the Cone-bearing F amily. (A 
Dklin.) It includes the orders Pinacea!, Taxacesp, and Gnf'taceas ol‘ 
Lindley. Flowers unisexmil. Male flowers inonandrous or monadel 
phous : Stamens collected in a deciduous amentum, about a common 
rachis (fig. 728); anthers 1-2 or many-lobed, vdth longitudinal dehis- 
cence, often terminated by a scaly crest (fig. 729). Ft^mide flowcTs 
in cones (fig. 730), sometimes solitary : Ovary none, its pkjcc bedng 
supplied by the flat scales of the cones, arising from the axil of 
membranous bracts (fig. 731); ovules naked, usually in pairs on tin 
face of the sciiles (figs. 731, 732 e o), inverted or erect; style 0; 
stigma 0. Fruit a cone (figs. 201, 476, 477), or a solitary naked 
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seed (fig. 442). Seed with a hard (;rustaci*ous integument, sonn^times 
winged (fig. 733) ; embryo in the midst of fleshy oily albumciii (fig. 
734); sometimes more than one embryo; cotyledons 2, or many an<l 


* naked, and erri^fMt^ se-ed. 

Figs. 72H-734.— Organs of fructification of Pinus sylvcBtris, Scotcli nr, to Illustrate the natural 
order Coniferce. 

Fig. 728. — Collection of male catkins, c, clustered round a common axis. /, Leaves, Tor- 
mina huds, with young leaves and scaly slieatha 
Fig. 729.— Male flower, or the two-lobed anther, acparatcid. 

Fig. 71^9.— 'rhrec collections of female flowers, or young cotics, t*, at the extremity of a Imincli. 
Fig. 731.— A sc^e detached from one of these y(»uiig cones, and seen on the exterior. />, Bract. 
c, Scile. 0 0 , Summit of the naked ovules. 
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verticillate (fig. 734) ; radicle next the apex of the seed, organically 
coiiiiectcd with the ibumen. — ^Trees or slirubs, with branched, usually 
resinous trunlcs, the wood marked with circular disks (figs. 47, 48, 808), 
the leaves usually narrow, rigid or acerose, entire (fig. 147), sometimes 
fascicled, and with a scaly sheath at their base (fig. 728 b). They are 



found in varitms parts of the world, both in cold and hot regions. They 
•ilxiund in the temperate regions of Europe and America, and many 
I )ccur in Australasia. F our genera of Conilera?, A raucatia^ Pht/llocladuis, 
Minrocaebri/s, and Art/iroUms, are peculiar to the southern hemisphere. 
Tlie following attain their maximum to the south of the tropics, — Cal- 
//tm, Podocm^jms^ and Ikwrydimu, Dammmi lias one species in each 
hemisphere. 

10-43. The order is a very extensive one, and Inis been dividend into 
tlie following suborders : — 

l. Abietineas, the Fir and Spruce tribe; fertile flowers in cones, with 1 or 2 
inverted ovules at the base of each scale ; embryo in the axis of fleshy and 
oily albumen, di- or poly-cotyledonous. Under this tribe are included the 
following sections and sub-sections ; — 

A. Scales 2-sceded, seeds adnate to the scale, and at length separating 
from it ; anthers bilocular. 

a. Scales with a thickened apophysis, which is either entire or dimidiate. 

Pinus . — Leaves in twos, threes, fours, or fives. 
h. Scales without an apophysis. 

* Leaves solitary. 

Abies , — Scales deciduous, leaves flat. 

Picea , — Scales persistent, leaves tetragonous. 

Tsuga , — Scales persistent, leaves flat. 

* * Leaves fasciculated. 


^ if?. 7;J2.— Si’Jile of Ji youiiw cone seen on the inside, c, Tlie scale. ?, The point by whlcli it is 
attuciied to the axis of the cone, o o, The two naked inverted ovules. Tlielr upper opening 
'•r foramen to which tlie pollen is applied. Tlie foramen was fonuerly described erroneously as a 
fitignia. 

Fig. 703,— A scale from a mature cone. e. The scale, i, Point of insertion, j/, One of the 
'vinged seeds; the other having been removed. 

Fig. 7M.->Tlic seed cut longitudinally, a, Base of the wing. Integument /i, Perispemi 
^albumen), e, Polj'cotyledonous embryo. Near the radicle are the remains of two other abortive 
euib3rro8. 
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Larix, — ^Leaves flat, aimtiaL 

Cedrua, — Leaves tetragonous, perennial. 

B. Scales l-seeded, seed adnate to the scale, and not separating from it, 
anthers multilocular. 

Araucaria {Eutassa and Altingid). 

C. Scales 1- or many*seeded, seeds free, anthers hi- tri- or multi-locular. 

Dammara, — Anthers multilocular. 

Cunninghamia. — Anthers trilocular. 

Arthrotaxis ^Anthers bilocular. 

2. Cupressinecc, the Cypress tribe : ovules erect ; fruit an indurated cone (fig. 

477), or fleshy, with the scales connected, forming a galbulus (fig. 478) 
embryo di- or poly-cotyiedonous. Examples — Cupressus, Juniperus,* 
Thuya, Taxodium, Cryptomeria, Callitris. 

3. Taxincm, the Yew tribe : anthers usually bilocular, with longitudinal dehis- 

cence : fertile flowers, solitary, terminal ; ovule solitary, sessile in the cen- 
tre of a fleshy disk, when in fruit forming a sort of drupe (fig. 442) ; embryo 
dicotyledonous. Examples — ^Taxus, Podocarpus, Dacrydium, Phyllocladus, 
Salisburia. 

4. Gnetacese, the Joint-fir tribe: mtilc flowers with a perianth, anthers uni- or 

quadrMocular, opening by a short cleft ; ovules with a projecting process 
formed from the intimate covering of the nucleus; seed solitary ; embryo 
with a long spirally-twisted funiculus; stems jointed; zones of wood, often 
separated by marked cellular circles (fig. 104). Examples — Gnetum, Ephedra. 

The order embraces 31 known genera, and 1G5 s])ecies, according to 
Lindley. Zuccarini enumerates 208 species of Coniferge, — ^in the nor- 
thern hemisphere, 105, and in the southern, 51 ; some species being 
common to both hemispheres. 

1044. The plants of this order furnish vduable timber, and yield 
various important products, such as turpentine, pitch, and resin. The 
various kinds of Pine, Fir, Spruce, and Cedar, belong to this family. 
Eutassa {Arauca7ia) exceha is the Norfolk-island Pine, famed for its 
size and for its wood. Cedt^us Lihani is the Cedar of Lebanon, the pw 
of the Bible, while Cedrus Deodara is the Deodar or Himalayan Cedar. 
By exudation, and partly by tbe aid of heat, the idants of this order 
yield various kinds of turpentine, resin, tar, and pitch. Common 
turpentine is procured from Finns sylvestrls, the Scotch Fir, Firms 
Pinaster^ the Cluster Pine, and var. maritirm^ Bourdeaux Pine, Finns 
palustris^ Swamp Pine, and Finns Tmda.^ iVankincense Pine. Oil 
of turpentine is obtained from it by distillation. Venice turpentine 
and Strasburg turpentine are the produce of Ahks Picea [Abies or 
Picea pectinata)^ the Silver Fir, and Larix enropoea, the Larch ; while 
Canada Balsam is collected from Abies or Ficea balsanma^ Balm of 
Gilead Fir, and A, canadensis^ Hemlock Spruce. Dammara anstralis, 
the Kawrie-trec of New Zealand, yields a hard resin, and so docs IX 
orientalis, the Amboyna Pitch-tree. Callitris queidrivalvis {Thuya 
articulatd)^ the Arar-trec, supplies a solid resin called Sandarach or 
Pounce, which is used to strew over manuscripts. Thus, or Common 
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Frankincense, and Bnrgiindy-pitch, are 3 delded by Ahks excelsOj Norway 
Spruce Fir. Pinus PumiKo gives Hungarian bdsain, Pinus pinea^ the 
Stone Pine, is the source of Carpathian balsam. Essence of Spruce, used 
in making Spruce-beer, is got by boding in water the leaves of the Scotch 
Fir (Pinm sylvestris\ the Black Spruce (Abies nigra)^ and other 
species. A kind of Manna is procured from the Larch and from the 
Cedar of Lebanon. Plie Bark-bread of the Nonvegians is prepared 
from the inner bark of Pmns m/lvestiis. These various kinds of resin 
and pitch are used for stimulating and healing plasters, whde the od 
of turpentine (oleum tereUnthime) is employed medicinally as a stimu- 
lant, diuretic, cathartic, and anthelmintic,^^ Tlie vapour of tar has been 
recommended in aflections ol‘ the chcOT; The succulent cones (fig. 
478) (commonly called berries) of Juniperus cojnmunis, Common 
Juniper, and the od procured from them, are used medicinally as 
diuretics. The oil enters into the composition of the spirituous liquor 
called HoUands. The young branches and leaves of Juniperus Sahina, 
Savin, contain an active volatile oil, which is used as an anthelmintic 
and emmenagogue. In large doses it acts as a violent irritant poison. 
The wood of Janipcnis Berrmidinna fiiniishes Pened Cedar. J, 
Virginimay the Bed Cedar, yields a rubefacient od. Thuya occi’- 
dcntalk is the common Aibor-vita? of gardens. Thuya orientalis is 
also in cultivation. Cupresms sempervirens^ common Cypress, yields a 
durable wood, which is supposed to be the Gopher-wood, 'vji of the 
Bible. Podocarpus Totarra and Dacrydium taxifolmm^ both supply 
good timber in New ZeaLuid. Tavus Imrcata^ the Yew, is a valuable 
timber tree. It yields resin, and its leaves and seeds are said to be 
iiarcotico-acrid. Soliahuria has remarkable cuneatc leaves, and the fruit 
of S. adiantifolia^ the Ginko, is sjiid to bo eatable. Gnetum urem has 
singulai* stuiging hairs within the epispeim or outer integument of 
tlie seed. 

1045. Order 1 80.— C’rcndaccre, the Cycas Family. (Achlamyd. 
Piclin.) Flowers unisexual. Males collected into cones, the scales 
bearing on their lower surfixcc 1 -celled anthers, which are united 
often in sets of two, three, or four. Females consisting of naked 
ovules, placed at the base of fiat scales, or beneath peltate ones, or 
seated on the margins of altered lt;aves. Seeds bard and nut-like, 
sometimes with an external spong}'- coat ; embryos 1 or 2, suspended 
in a centrsil cavity ; albumen fleshy or mealy ; cot}dedons unequal *, 
radicle superior, having a long cord-hke prolongation by which the 
eml^ryo Ls suspended. — ^'IVecs or shrubs, with cyhndrical trunks, 
usually simple, sometimes dichotomous, marked with the scars of the 
leaves, and in many respects having the aspect of Palms (fig. 817). The 
internal structure is more or less distinctly that of dicotyledons. Pitted 
tissue and spiral vessels occur. The leaves arc pinnate, and their ver- 
nation is circinate, thus resembling ferns. The plants of this order are 
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fotind in the temperate and warm regions of America, and Asia, as well 
as at the Cape of Gk)od Hope. There are 6 genera, according to Lind- 
ley, and 45 species. Examples — Cycas (fig. 817), Zamia (fig. 818). 

1046. The Cycadaceous family yields much starchy matter, along 
with mucilage. From the stems of Cycas revoluta and cirdnaliSj a 
kind of Sago is made. A dear insipid mucilage also exudes from 
hem, which hardens into a transparent gum resembling tragacanth. 
Zamm ptmdla, and other species in the West Indies, supply an amy- 
laceous matter which has been sold as Arrow-root. The Bread-tree 
is a name applied by the Hottentots to various species of Em^halartos, 

OlJkSS n.— MoNOCOTYLBDONES, JifS. ENDOGBNiB, DC, Enuooens and Dic- 
TYOOKN^ Lmdl, Amphibrya, Endl. 

1047. In this great class the plants have a cellular and vascular 
system, the latter consisting partly of elastic spiral vessels (fig. 51). 
The woody stem (as in Palms, fig. 115, 1) is usually more or less 
cylindrical, simple, and unbranched. There is no true separable bark, 
no concentric zones, and no true pith (figs. 112, 113). The wood is 
endogenous, i,e. increases by additions, which first tend towards tlie 
centre, and then curved outwards in an interlacing manner (fig. 114, 2) 
towards the circumference, where much hard ligneous matter is de- 
posited, so as to make the exterior the hardest part (figs. 826, 827). 
The development of the stem usually takes place by a single central and 
terminal bud ; occasionally lateral buds are produced (fig. 115, 2), and 
at times the stem is hollow. The leaves are pandlel-veined (figs. 135, 
173, 194), except in the subclass Dictyogens, where a kind of reticula- 
tion is visible. Ihe parts of the flower are arranged in a ternary man- 
ner (fig. 588), and they are often petaloid (fig. 260), sometimes scaly or 
glumaceous. The ovules are contained in an ovary, and arc fertilized 
by the application of the pollen to the stigma. The emhyo has one 
cotyledon (fig. 504), and the germination is endorhizal (fig. 527). 

Subclass 1 . — ^Dictyooenas.* 

1048. Leaves reticulated, often articulated with the stem, branches 
liaving the usual structure of Endogens, rhizomes or underground 
stems having the woody matter disposed in a compact circle, or in 
wedges containing central cellrdar tissue, and often showing medullary 
processes. 

1049. Order 181. — ^Dioacoreacece, the Yam Tribe. {Mono-~epigyn.) 
Flowers unisexual. Perianth in 6 divisions, adherent. S . Stamens 6, 
inserted into the base of the perianth ; anthers introrse, with longitu- 
dinal dehiscence. ? . Ovary inferior, 3-ceUed; ovules 1-2, anatropal; 

"'A/xTVfly, a net, and to produce. 
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style bifid; stigmas undivided. Fruit a compressed trilocular capsule, 
witib 2 cells, sometimes abordve, oceasionally fleshy and indehiscent. 
Seeds compressed, winged or wingless, in the succulent fimit, ovate ; 
embryo small, near the hUum, lying in a large cavity of cartilaginoiis 
albumen. — ^Tmning shrubs, witli toge epigeal or hypogeal tubers, 
alternate, sometimes opposite, reticulated leaves, and small, spiked, 
bracteated flowers. Natives chiefly of tropical countries; a fljw only 
found in temperate regions. There are 6 genera, according to Lindley, 
imd 110 species. Examples — ^Dioscorea, Tamus. 

1050. Although fiirinaceous matter exists in the tubers of many 
species, yet there is a prevalent acridity throughout the order. Vari- 
ous species of Dtoscorea^ as 2>. alata, sa^m^ and aculeata^ produce the 
tubers called Yams, which are used in warm countries as a substitute 
for the potato. TestmUriaria ElepJmntipes is the Tortoise plant of the 
Cape, or Elephant’s-foot, so called on account of its peculiar shortened 
and thickened stem 92). Tamus communis^ Black Biyony, is com- 
mon in hedges in England. It produces red succulent fimit, and has 
a. Itirgc root, which is acrid. The acridity of the order sometimes 
manifests itself in purgative qualities. 

1051. Order 182. — Mmiiacefe, the Sarsaparilla Family. {Mom- 
puigyn.) Flowers bisexual or polygamous. Perianth petaloid, 6- 
parted. Stamens 6, inserted into the base of the perianth, rarely 
hypogynous. Ovary free, 3-celled; cells uni- or multi-ovulate; ovules 
orthotropal; styles usually 3-cleft; stigmas 3. Fruit globular and 
succulent. Seeds with fleshy, cartilaginous albumen; embryo very 
small; ususilly distant from the hilum. — Herbs or underslirubs, often 
climbing, with netted-veined leaves. Natives of the temperate and 
tropical regions of Asia and America. There arc 4 or 5 known genera, 
and upwards of 120 species. Examples — Smilax, Philesia. 

1052. Mucilaginous and demulcent properties prevail throughout 
the order. The root of various species of Smilax constitutes the Sar- 
sapjiiilla or Sarza of the pharmacopeias. Linnseus considered Smilax 
Sarsaparilla^ a native of the United States, as the plant which frimishcd 
Sarsaparilla, but recent observers state that this is not the ease. The 
following are enumerated as sources whence Sarsaparilla of various 
kinds is derived: — 

1 . Smilax officinalis, found in woods near the Bio Magdalena in Columbia. 

It furnishes Jamaica Sarza, which is the best in the market. 

2. Smilax medica, native of the Mexican Andes. It is thought to fimnish 

Vera Cruz Sarza. 

^ Smilax syphilitica, found in Brazilian Guiana. It in part supplies Brazil 
and Lisbon Sarza. 

4. Smilax cordato-ovata, a Brazilian species. Brazil Sarza in part. 

5. Smilax papyracea, a Brazilian species. Brazil and Lisbon Sarza in part. 

C. Smilax Brasiliensis, a Brazilian species. Brazil Sarza. 

7. Smilax, sp. ? from Angostura, supplies Bio Negro Sarza. 

S. Smilax, sp.? from Honduras, supplies Honduras Sarza. 

2 L 
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Besuies these spedes, 'which iopply in a greater or less degree the 
officinal drug, there are oth^ which fiimish substitutes in different 
countries, viz. : — 

J. Smilax Parhampny, a Peruvian species, 
in. SmilaK excelsa and aspera, are used as substitutes in Europe. 

Ii« Smilax Zeylanica, gla&ra, perfi>liata» and leucophylla, in Asia. 

12^ Bmilax China, a Chinese plant yielding China- root. 

12. Smilax Pseudo-China, from the United States. 

The officinal part is the roots which come off from the rhizomes. Tiie 
roots are mucilaginous, bitterish, and slightly acrid. They contain 
madlage, starch, oil, resin, a|id a crystalline principle called Pariglin 
or Smilacin. Sarsaparilla is used in decoction and infusion, as a tonic 
and alterative, in cachectic and syphilitic crises. 

ldSd« Order 183. — Triliiaceie, the Trillium Family. {Mono-peri- 
gyn,y Flowers usually bisexual. Perhinth in 6, sometimes 8 divisions, 
.coloured or herbaceous. Stamens 6, 8, or 10; filaments subulate: 
anthers linear, with a prolonged connective. Ovjuy free, 3- 4- or 
5-celled; styles as many, distinct; ovules 00, anatropal. Fruit s\ic- 
culent, 3- 4- or 5-celled. Seeds 00; embryo minute, in fleshy all')u- 
,men. — ^Natives of the temperate parts of Europe, Asia, and Ajnerica. 
Some of thenl are more or less acrid, others axe narcotic. The rhizome* 
of TrUlium cemumn is used as an emetic. Paris (piadrifolia^ Herb 
Paris, is narcotic. There are about 10 known genera, and upwtirds 
of 60 species. Examples — ^Trillium, Paris, Triuiisy 
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1054. Flowers having usually a perianth consisting either of verticil- 
late leaves, which may sometimes be separated into calyx and corolla, 
and are often coloured (petaloid), or of a few whorled scales. Occa- 
sionally the perianth is abortive. 

a. Perianth adhjerenty Ovai'y inferior y Flowers usually hennaphrodite, 

1055. Order 184. — Hydrocharidaccfe, the Frog-bit Family. (A/bwe- 
epigyn,') Flowers spathaceous, unisexual, rarely g . Perianth with a 
6-partite limb, the 3 outer segments herbaceous, and equivalent to tht‘ 
calyx, the 3 inner petaloid, and equivalent to the corolla. Stamer)^ 
definite or indefinite, epigynous. Ovarj’- adherent, 1 or many-celled; 
ovules 00, anatropal, frequently attached to parietal placentas; stigmas 
3-6. Fruit dry or succulent, indehisoent, uni- or midtilocular. Seeds 
numerous, exalbuminous; embryo straight, radicle remote from the 
hilum.— Floating or aquatic plants, with parallel-veined leaves, some- 
times spiny. Chiefly found in Europe, Asia, and North America. 
The plants of this order are not remarkable for their properties. 
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Some are mucilaginous and astringent Vdllimeria ^rdUs (fig. 228) 
is a dioQcious plant, the male ilowers of which, at the time of lower- 
ing, are said to be detached from the mud of the water in which 
they grow, and to fioat on the surface. At the same time the female 
flower developes a long spiral peduncle, by means of which it reaches 
the surface of the water, so as to allow the application of the pollen 
496). 'Phe order has been divided into two sections: — 1. Vallis- 
nericaj, ovary 1 -celled. 2. Stratiotees, ovary many-celled. There are 
12 known genera, according to Lindley, including 20 species. Exam- 
ples — ^Vallisneria, Udora, Anacharis, Stratiotes, Hydrocharis. 

1056. Order 185. — Orchidacefe, the Orcliis Family. (Mom-qpigyn,) 
Flowers bisexual Perianth adherent, herbaceous, or coloured, with a 
6-partitc limb (fig. 736 pi)j the segments being arranged in 2 
rows; exterior row (fig. 735 ce)^ called the calyx (although Lindley 
says it is more properly the corolla, the true calyx or calyciilus being 
usually abortive), consisting of 3 segments (rarely 2 by adhesion), the 
odd one of which is often next the axis by a twisting of the ovaiy ; 
interior row (fig. 735 ct), cidled the corolla (regarded by Lindley 
as petaloid stimiens), consisting usually of 3 segments (very rarely 1), 
the odd one of which is called the labellum or lip. This labeUum 
(figs. 735, 736, 737 /) frequently differs from the other divisions of the 
perianth, assuming remarkable forms, being lobed, spurred at the 
base, or furnished with peculiar appendages, which are sometimes 
derived from the stigma. It is sometimes divided by contraction, so 
as to exhibit three distinct portions, the lowest being the hypochilium 
(vvo, under, and lip); the middle, mesochilium (jwlcrof, middle); 

and the upper, the epichilium (l^rl, upon or above). Stamens 3, epi- 
gynous, united in a central column along with the style; the two 
lateral stiunens are usually abortive (fig. 736 ss), the central one oppo- 
site the odd exterior segment being fertile (fig. 736 e); but at times 
the two lateral are fertile, and the central one is abortive; anthers 1-2- 
4-celled (fig. 738); pollen powdery or cohering in definite (fig. 744) 
or indefinite waxy masses (poUinia) (figs. 739, 743), which often ad- 
here by a caudicle (fig. 743 c) to a gland comiected witJi the beak 
(rostellum) of the stigma. Hiis gland is sometimes naked, at other 
times in a sac or pouch (bursicula). Ovary adlierent, 1 -celled (fig. 
740), composed of 6 carpels, of which 3 only are placeutiferous (Lind- 
ley); style incorporated with the column (gynostemium, pistil, 
and (rrificav, stamen); stigmas a viscid hoUow space in front of the 
column (fig. 737 s), communicating directly with the ovary by an open 
canal, llie upper part of the united stigmas is often extended into a 
beak-hke process (rostellum). Placentas 3, parietal (figs. 457, 740). 
Fruit a capsule, opening by 3 or 6 valves, rarely fleshy, and indehis- 
cent. Seeds 00, very minute, with a loose reticulated spermodenn 
(fig. 741), exalbuminous;.embryo solid, fleshy (fig. 742); large radicle 
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neast tihe hiluza. — ^Perennial herbs or shrubs, with fibrous or tubercular 
roots (fig. 121), either no stem or a pseudo-bulb, entire parallel-veined 




Figs. 785-7g.—I' lower of Spdranthes autumnalis, to Ululate the natural order Orcliidacea:. 

Pig. 785.— Flower after the ovajy has twisted on itsell^ seen laterally, o, Ovary with the 
adherent perianth, c c, Outer divisions of the perianth, called hy some calyx, and by LindJey 
corolla, c *, Inner divisions of the i>erianth, called by some the corolla, and considered by 
Lindley as petaloid stamcna I, The labellum or lip, being Uic lower of the three inner seir- 
ments. 

Hg. 73G.—DlagTam of the flower in the young state, before the twisting of the ovary has 
taken placa a, The axis of the spike of flowera pe, pe, Outer perianth, pi, pi. Two divi- 
rions of the inner perianth. Z, Third division of the inner perianth, in this state placed next 
the axis, c, Fertile anther. «s, Two abortive anthers or staminodio. o, Ovary. 

Fig. 737.— Sununit of tltt flower eut vertically, o, Adherent ovary with parietal ovules, a. 
/, Labellum or lip. s, Sti^a. a. Anther. 

rig. 7518.— Anther separated. Its inner surface riiown with its two cella 

Fig. 739.— Granular pollen-masses taken from the anther, 

v^^74a— HorizontaJ section of the ovary, with three parietal placentas bearing numerous 

Pig. 741.— A seed seiMtrated, with its external reticulated integument, t. 

Fig. 742 - Embryo of Aceras antliropophora dqirived of its integuments. 

Fig. 748.— Pollen*masses (FoUinia) of Orchis maculata, with the grains united in little conical 
massea c, Caudicle terminated by the rctinacolnm and glunda 

Fig. 744. — ^Tlie conical masscss which the poUen-grains form by their cohesion. 
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often sheathing leaves, and generally showy, attractive flowers. Some- 
times buds are produced on the margins of the leaves (fig. 214). They 
nre natives of sdmost all parts of the world, but they abound in moist 
tropical regions. They are not found in the arctic regions, nor in very 
dry climates. Some are terrestrial, and others are epiphytic. The 
lormer are commonly seen in temperate climates, the latter in wann 
j’egions. Disa graifidifiora is found on Table Mountain at an elevation 
of 3,582 feet. The only known locality for it is in a marshy hollow 
near the eastern extremity of the summit, where it is abundant among 
rushes on the margins of small pools and streamlets in a black bogg)'^ 
soil. ^Pwo rarci species of Disa are also seen there, D, ferruginea and 
Umnifolm. Oncidium nvbigmum is found on the Andes, near Quito, at 
an elevation of 14,000 feet above the level of the sea. Epd^ndrum 
fntjidtm. <.)ccurs in Columbia at an elevation of 12,000 to 13,000 feet 
(mean temperature 46°), and is covered with a sort of varnish. Lind- 
ley, who is our best authority on Orchids, has divided tliem into 
various tribes. He enumerates 39 G genera, including about 3000 
species; of thcisci, 16 genera and 40 species are British. 

1057. Thtj plants of this order are well distinguished by the pecu- 
liar Ibnns of their flowers, their remarkable lip, gynandrous stamens, 
and pollen-masses. Their flowers oft;en resemble insects, as butter- 
flies, moths, bees, flies, and spiders ; or birds, as doves and eagles ; 
or reptiles, as snakes, lizards, and frogs. Tlie colours and spots on 
the perianth sometimes give the appearance of the skins of quadnipeds, 
as the leopard and tiger. These resemblances are often indicated in 
tin* generic and specific names. Tlie labellum, in some instances, dis- 
plays peculiar irritability {% 6G5). 

1058. Mucilaginous properties occur in many of the plants of this 
order. Some are aromatic and fragrant; others are antispasmodic 
and tonic. The tuberous roots of some yield a nutritious substance 
cidled Salep, which consists chiefly of bassorin, some soluble gum, and a 
little stiirch. Tlie orchid yielding it is not well known ; some say 
that it is Orchis mascula, others O. papilionacea, Monio and miUtaris^ 
others Eulophia vera and campestris, Salep forms an article of diet 
fitted for convalescents, when boiled with water or milk. The roots 
ol* Aplectrum hyertude contain a very glutinous matter, and hence the 
jilant is called in America Putty-wort. Tte fleshy pod-hke fruit of 
Vanilla planifolm, claviculata, and other species, constitutes the sub- 
^ l ance cidled Vanilla, which is used in confectionery, and in flavour- 
ing chocolate. It contains an oil. and much benzoic add. A blue 
colouring matter has been found in some of the orchids. The 
odour of many of them is very fragrant ; sometimes it is oppressive ; 
at other times, as in Malacha^ia ctavata^ it is veiy fetid, resembling 
carrion. 

1059. Order 186. — ^SElngtbcfacefef or Scltamiiiefe, the Ginger 
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Family. {Mmuh^gyn,) Perianih superior, in 2 whorls; outer (csalyx) 
tubular, 34obed, short; inner (corolla) tubular, elongated, 8-parted, 
segments nearly equal. Stamens in 2 whorls; outer sterile, petaloid, 
having the appearance of a 3-parted corolline whorl, with the inter- 
mediate segment (labellum) larger than the rest, and often 3-lobed, 
sometimes the lateral segments are inconspicuous or nearly abortive ; 
inner stamens 3, the two lateral being abortive, the intermediate one 
opposite the labellum, fertile ; filament not petaloid, often prolonged 
beyond the anther ; anther 2-ceUed, dehiscing longitudinally. Ovary 
3-celled, or imperfectly so; ovules several, anatropal, attached to a 
placenta in the axis; style filiform; stigma dilated, hollow. Fruit 
usually a 3-celled capsule, sometimes baccate. Seeds roundish or 
angular, sometimes with an ariUus; embryo enclosed in a vitellus 
(the remains of the embryo-sac), surrounded by farinaceous albumen, 
which is deficient near the hilum. — ^Ilerbs, with a creeping rhizome, 
and simple sheathing leaves, having pfirallel veins proceeding from the 
midrib to the margin. The flowers arise from membranous spa- 
thaceous bracts. Natives of tropical countries. Lindley mentions 20 
genera, and 247 species. Emmples — ^Zingiber, Curcuma, Amomum, 
Hedychium, Kenealmia. 

1060. Plants often with showy flowers, having aromatic stimulant 
properties, which reside chiefly in their rhizome or root, and in their 
seeds. Some yield starchy matter. The rhizome of Zing{l)er officinale 
{Amornum Zingiher\ constitutes the Ginger of commerce, which is im- 
ported from the East and West Indies. In tlie young state the 
rhizomes are fleshy and slightly aromatic, and they are then used as 
preserves ; while in a more advanced state, the aroma is fully devel- 
oped, their texture is more woody, and they are then fit for ordinary 
ginger. When dried, after immersion in hot water, they form Black 
ginger ; when simply dried in the sun, after being cleaned, they re- 
ceive the name of "W^ite ginger. The rhizome contains an acrid resin 
and volatile oil, starch and gum. It is used as a tonic and carminative, 
in the form of powder, syrup, and tincture. Curcumi longa^ a native 
of Eastern Asia, furnishes Turmeric. This consists of the branches of 
the rhizome, or root-stock. Its powder is lemon-yeUow, and it is 
used as a dye-stuff. It contains starch, an acrid volatile oil, and a 
yellow colouring matter called Curcumin. It is employed medicinally 
as an aromatic carminative, and, as a condiment, it enters into the 
composition of curry-powder. The root-stocks of Alpinia rcucemosa^ 
and A. Gakmga, Galangale, and many other plants of the order, have 
the same properties as ginger. Various species of Amomum^ Elettaria^ 
and Benealmaj appear to furnish the Cardamoms of the shops, whidi 
consist of the oval trivalvular capsules containing the seeds. Hie 
following are some of the sources whence Cardamoms are pro- 
cured: — 
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1. Amomum Cardamomum, a Java plant, supplies the round Cardamoms. 

2. A. angnstifolium furnishes the large Madagascar Cardamoms, and also 

supplies some of the seeds called Grains of Paradise. 

3. A. maximum produces the Java Cardamoms of the London market. 

4. A. repens (Renealmia or Elettaria Cardamomum) is the source Malabar of 

Cardamoms. 

.5. Elettaria major is said to yield Ceylon Cardamoms. 

Thq seeds of these plants are used as aromatic tonics and carminatives, 
llieir active ingredient is a pungent volatile oil. Grains of Paradise 
are the seeds of Amomum Mekgmta^ Melegueta Pepper, and have the 
same properties as Cardamoms. Efist Indian Arrow-root is procured 
in part from Curcuma angustifoUaj and a similar kind of starch is 
yielded by Curcurm Zerumhet^ C. kucorhiza^ and Alpinia Galavga. 

1061. Order 187. — iftaranfaccie or ranuacefr, the Arrow-root 
Family. {Mom-epigyn.) Perianth superior, in 2 whorls; outer 
(calyx) 3-lobed, short; inner (corolla) tubular, elongated, 3-parted, 
segments nearly equal. Stamens in 2 whorls ; outer sterile, petaloid, 
irregular, rcsembhng a tubular trifid corolla, with one of the lateral 
segments difiereut from the others ; inner petaloid, 2 sterile, and 1 
lateral fertile; filament of the latter petaloid, entire, or 2-lobed; aji- 
ther on the margin of the filament, 1 -celled, dehiscing longitudinally. 
Ovaiy 3-ceUed, rarely 1-celled; ovules solitary and erect, or numer- 
ous and attached to the axis; style petaloid or swollen; stigma either 
the naked apex of the style, or lioUow, hooded, and incurved. Fruit 
a 3 -celled capsule, or baccate, 1 -celled and 1 -seeded. Seeds round, 
'v\ithout arillus; embryo straight, in hard, somewhat floury albumen, 
Avithout a vitellus; radicle lying against the hilum (fig. 527). — Herba- 
ceous plants, with tuberous rhizomes, and leaves and flowers similar 
to those of the Ginger Family. Tliey are natives of tropicfd regions. 
Lindley enumerates 6 genera, including 160 species. Emmpl&B — 
Maranta, Ganna, Phrynium. 

1062. The plants of the order contain much starch in the rliizomes 
and roots. They are destitute of aroma. Arrow-root is the produce 
of the tuberous rhizomata of Maranta arandinacea and M, indica. 
The best West Indian aiTow-root comes from Bermuda. Its globules 
are much smaller and less glistening than those of tous-les-mois or 
[)otato starch. Amylaceous matter of a similar kind is produced from 
other species of Maranta^ as well as from species of Canm, Tous-les- 
niois is the produce of Canna coedneay C, AchiraSy C, eduUsy &c. 
The seeds of Gannas arc round and black, and are commonly known 
under the name of Indian shot. They have been used as a substitute 
for coffee. Caikdhea zehrinay Zebra plant, is so called from the peculiar 
variegation of its leaves, which have a velvety aspect. Bam(^oud states , 
that the two outer verticils of the flowers in Gannas are always 
developed, one after the other, precisely like the calyx and corolla; 
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while the verticil, sometimes called petals, is really metamorphosed 
stamens, and hence its irregular aspect. 

1063. Order 188. — lauaacMc, the Banana Family. (Mono-qiigyn.) 
Perianth 6-cleft, adherent, petaloid, in 2 whorls, more or less irregulai*. 
Stamens 6, inserted on the middle of the segments of the perianth, 
some usually abortive ; anthers linear, dithecal, introrse, often with a 
membranous petaloid crest- Ovary mferior, 3-celled ; ovules numer- 
ous, anatropal ; style simple ; stigma usually 3-lobed. Fruit either a 
3-celled capsule, with loculicidal dehiscence, or succulent and indehis- 
cent. Seeds sometimes surrounded by hairs; testa usually crusta- 
ceous ; embryo erect, in the axis of medy albumen ; radicle touching 
the hilum. — ^Plants without true aerial stems, or nearly so, having 
shoots proceeding from subterranean root-stocks, which form spurious 
stems, composed of the sheathing leaf-stalks. Veins in the limb of' the 
leaf parallel, and proceeding in a curved manner from the midrib to 
the margin (fig. 135). Flowers bursting through spathas. Natives 
of warm and tropical regions. There are 5 known genera, and 21 
species. Examples — ^Musa, Strelitzia, Eavenala. 

1064. The plants of this order iurnish a large supply of nutritious 
fruit, and their leaves afford valuable fibres. Spiral vessels abound in 
them. Musa sapientum and Cavendishii furnish different kinds of 
Banana, while M, paradisiaca yields the Plantain. These fruits in 
their ripe state contain much starchy matter. From their spurious 
stems, the fibres of the spiral vessels may be pulled out in such quantity 
as to be used for tinder. The ribbon-like fibre in these vessels is 
composed of several threads united together (pleiotrache©) (fig. 51). 
The produce of the Banana is of great value to the inliabitmits of 
warm countries. The same extent of groimd which in wheat would 
only maintain two persons, will yield sustenance under the Banana 
to fifty. Musa textilis yields a kind of woody fibre, which is used in 
India in the manufacture of fine muslins. Manilla Hemp is the pro- 
duce of Musa textiUfi00V^^ woody tissue of many species of Musa is 
used for manufacture in warm climates. The young shoots of tlie 
Banana are used as a culinary vegetable. Urania ^ciosa or Eavenala 
is the Water-tree of the Dutch, so called on account of the great quantity 
of water which flows from its stem or leaf-stalk when cut across. 

1065. Order 189. — iridacese, the Iris Family. {Mom-^gyn,) 
Perianth adherent, 6-parted, coloured, in 2, often unequal whorls 
(figs. 745, 746). Stamens 3, epigynous, opposite the outer segments 
of the perianth (figs. 745, 746 ce); filaments distinct or monadelphous; 
anthers 2-celled, extrorse. Ovary inferior (fig. 746 o), 3-celled ; ovules 
numerous (fig. 746 g\ anatropal ; style 1 ; stigmas 3, often petaloid 
(fig. 746 s), sometimes bilabiate. FMt a 3-c6lled, 3-valved capsule, 
with loculicidal dehiscence (fig. 448). Seeds numerous ; embryo en- 
closed in horny or fleshy albumen ; radicle next the hilum (fig. 747). 
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— Herbs, rarely iindershrubs, with rhizomes or underground corms, 
having their leaves often equiUmt or distichous, and their flowers 
spathaceous. Natives chiefly of warm and temperate regions. They 
abound at the Cape of Good Hope. There are 53 known genera, and 
550 species. Examples — Iris, Sisyrinchium, Witsenia, Gladiolus, 
Ixia, Crocus. 

1066. Some of the plants have fragrant and stimulant, and some 
acrid, rhizomes and corms ; others yield dyes. The root-stock of Iris 
FlorenMna yields orris-root, which has a pleasant odour like violets, 
and an acrid tiiste, depending on tlie presence of a volatile oil. It is 
imported from Florence Jiud Leghorn. Orris-root is used chiefly for 
giving a pleasant odour to the breath, and in perftimery and tooth- 
powder. Orris-root starch is used for hair powder. Crocus sativm^ the 
of the Old Testament, fumislies the colouring material called 


n 
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Saffron. It consists of the stigmata, which have a fine deep-orange 
colour. These stigmata are either dried in the loose state, forming Hay 
Saffron, or compressed into masses, constituting Cake Saffron. The 
yellow colouring ingredient is Polychroite. Saffi'on contains an active 

t igs. 745-747.— Organs of fructification of Iris Gerraanica, to illustrate tlie natural order 

Fig. 746.— Diagram of the flower, showing six divisions of the perianth in two verticils, three 
extrorso stamens, and the ^-celled capsule with numerous ovules, a, Position of the axis of 
inflorescence. 

Fig. 74fl.— Vertical section of the flower, re. Outer dhisions of the coloured perianrii. 
(Ti, Luier divisions of tlie perianth. Tube of the perianth, above the part which is adherent 
to tlie ovary, o. Inferior 3-cclled ovary, g. Numerous anatropal ovulea ce, Stamens, sir, 
Petaloid stigmas. 

Fig. 747.— Seed separated and cut longitudinally. /, Integuments (spermoderm). Peri- 
sperm. e, Embryo enclosed in tlie periq^rm. m, Micropyle (foinmen). 
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volatile oil, and it has been used in the form of tincture and syrup, 
as an emmenagogue and antispasmodic. ITie stigmata of Crocm mitum- 
nalis and C. odorus^ also supply saffiron. The roasted seeds of Iris 
psmdacorus have been used as a substitute for coffee. 

1067. Order 190. — ^BummaiiiiiaceMs, the Burmannia Family. (Mono- 
epigyn.) Perianth coloured, tubular, 6-cleft, the three outer segments 
(cdyx) often keeled at the back, the three inner (petals) minute. 
Stamens 3, inserted in the tube of the perianth, opposite its inner 
segments, sometimes with 3 alternating sterile filaments; anthers 
dithecal, opening transversely, with a fleshy connective. Ovary in- 
ferior, either 1- or 3-ceIled, in the latter case the ccUs opposite the 
outer segments of the perianth ; ovules 00 ; style simple ; stigmas 3. 
Fruit a 1-3-celled, 3-v^ved capsule, crowned by the persistent peri- 
anth. Seeds 00, minute, striated. — Herbs, with radical leaves and 
bisexual flowers. Natives of moist grassy places in tropical regions. 
They have no properties of importance. There are about 10 known 
genera, and 35 species. Examples — Burmannia, Apteria, Apostasia? 

1068. Order 191 — Hsem^Miomceie, the Blood-root Family. {Mmw- 
epigyn.) Perianth petaloid, more or less woolly, 6-cleft. Stamens 
inserted on the perianth, either 3, and opposite the inner segments of 
the perianth, or 6 ; anthers introrsc. Ovary adherent to the tube of the 
perianth, usually 3-celled, rarely 1-celled; ovules 1-2 or numerous; 
style simple ; stigma undivided. Fruit a 3-valved capsule, sometimes 
indehiscent. Seeds cither definite or 00, sometimes peltate; embryo in 
cartilaginous albumen.— Herbs with fibrous roots, equitant distichous 
leaves, and bisexual flowers. They are found in various parts of the 
world, more especially in the warm parts of South America, at the 
Cape of Good Hope, as well as in North America and Australia. 
Lindley mentions 13 genera, and 50 species. Examples — Haemodoruni, 
Anigosanthus, YeUozia, Barbacenia. 

1069. The plants receive the name of Blood-root, from the red 
colour of their roots, which are used for dyeing. Vellozias^ Tree 
Lilies, give a decided feature to the vegetation of the mountains of 
Minas Geraes in Brazil. Their trunks are covered by the withered 
remains of the leaves, and their branches are dichotomous, and bear 
tufts of leaves at the extremities. The outer surface of their stems 
is covered thickly with numerous adpressed rootlets. 

1070. Order 192. — AmajTiiidaceie, the Amaryllis Family. (Morw- 
^gigyn,) (Fig. 251). Perianth petaloid, regular, 6-cleft, the outer 
segments overlapping the inner. Stamens 6, inserted in the perianth, 
solnetimes cohering by the dilated bases, and forming a kind of cup ; 
occasionally there are additional sterile stamens, which sometimes 
form a corona above the tube of the perianth; anthers introrse. Ovary 

I inferior, 3-cdled ; ovules 00, anatropal ; style 1 ; stigma 3-lobed. 
Fruit either a 3-celled, 3-valved capsule, with loctdicidd dehiscence, 
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or baccate. Seed with a thin or thick, or black and brittle spermo- 
derm; albumen fleshy; embryo nearly straight; radicle next the 
hilum. — ^Usually bulbous plants, sometimes with fibrous roots ; leaves 
ensiform, with parallel veins; flowers spathaceous; stem sometimes 
woody and tall. Natives chiefly of the Cape of Good Hope, but 
species are found in Europe, East and West Indies, South America, 
and Australia. Lindley enumerates 68 genera, and 400 species, and 
lie divides them into 4 tribes ; — 1. Amaryllea3, bulbs, flowers without 
a corona. 2. Narcisseas, bulbs, flowers with a corona. 3. Alstrci- 
merieffi, fibrous roots, outer segments of the perianth different in form 
from the inner. 4. Agavcge, fibrous roots, both segments of the peri- 
anth alike. Examples — AmarylHs, Galanthus, Crinum, Narcissus, 
Alstromeria, Agave. 

1071. The bulbs of many plants of this order have narcotic poison- 

ous qualities. Some of tliem act as emetics, others are used in the pre- 
paration of a kind of intoxicating spirit. The tough fibres of some are 
used for flax. The root of Hcmianthus toxicarim is poisonous. The 
flowers of the Daffodil {Narcissm psevdo-mreissm) are also said to 
be poisonous. The fibres of Agave Americana^ American Aloe, yield 
Pita flax. This plant does not flower often, but when flowering begins, 
it proceeds with gi'eat rapidity and vigour. Its roots are sometimes 
used to adulterate Sarza. Its juice is fermented so as to form an 
intoxicating beverage. Agave Sapmmria is used in Mexico for washing. 
The bulbs of Narcissus poeticus, N, N odorusy N pseudo- 

mreissusy N, Tazetta, and of some vspecies of Pancratium are emetic. The 
Guernsey Lily is also reputed poisonous. Some AUtt^orrherias are diu- 
retic. In Alstromerias (fig. 251), the leaves are twisted, so that what 
should be the upper surface becomes the lower. In Narcissusy the 
corona or crown of abortive filaments projects beyond the flower; while 
ui Pancratium, the dilated filaments of the fertile stamens unite together, 
and are included within the perianth. Many ornamental garden 
plants belong to the order. 

1072. Order 193. — Hypoxidaceie, the H 3 q)oxis Family. (Mono- 
cpiggn.) Perianth petaloid, superior, usually 6-parted, regular. Sta- 
mens 6, inserted into the base of the segments of the perianth, fila- 
ments distinct; anthers introrse. Ovary inferior, 3- celled; ovules 
numerous, amphitropal; style simple; stigma 3-lobed. Fruit inde- 
hiscent, sometimes succulent, l-'2- 3-celled. Seeds 00, with a lateral 
hi!' on and a beaked caruncle; testa black and chistaceous; embiyo 
straight, in the axis of fleshy albumen ; radicle remote from the hilum. 
— ^Herbaceous and usually stcmless plants, with tuberous and fibrous 
roots; radical plaited leaves, and simple or branched scapes. Natives 
of warm countries. Some have bitter roots, others have edible tubers. 
There are 4 known genera, including 60 species. Examples — Hypoxis, 
CurcuHgo. 
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1073. Order 194. — Broneiiaceie, the Pine-apple Family. (Mom- 
pmgyn^ Perianth tubular, 6-divided, in 2 verticils; outer whorl 
(calyx) persistent, more or less adherent to the ovary ; inner petaloid, 
marcescent or deciduous, with imbricated sestivation. Stamens 6, in- 
serted into the base of the segments of the perianth ; anthers introrse. 
Ovary either free or partially adherent, 3-ceIled; ovules 00, anatropal; 
style single ; stigma 3-lobed or entire, often twisted. Fruit ca^ular 
or succident (figs. 256, 474), 3-celled. Seeds 00; embiyo minute, 
curved or straight, lying in the base of mealy albumen ; radicle next 
the hilum. — Stemless or short-stemmed plants, with rigid, channelled 
leaves, which are often spiny at the marpn, and are covered with 
scurfy matter. Natives of the warm parts of America chiefly. Tliere 
are 23 genera, according to Lindlcy, and 170 species. Examples — 
Bromelia, Ananassa, llUandsia, Bonapartea. 

1074. The plants of this order are all more or less epiphytic, being 
able to grow without any direct attachment to the soil. In hothouses 
they are frequently kept suspended in moistened moss. Some of 
the Tillandsias are hung from balconies in South America as air- 
plants. Tillandsia vmeoides has the appearance of the Beard-moss (a 
lichen commonly seen on trees in Britain), and it is used for stufllng 
cushions, &c. The plant has been called Tree-beard or Black Moss. 
'The leaves of Tillaniddas frequently contain much water in their hol- 
lowed-out bases. The fruit of Ananassa saliva is well known as the 
Pine-apple or Ananas (fig. 256). It is an anthocarpous fiidt, consist- 
ing of numerous flowers and bracts united together, and l>ecoming 
succulent. The fruit is more or less acid in the wild state, but when 
cultivated it becomes sweet and highly aromatic. The fibres of the 
leaves are used in the preparation of fine raushns. Tlie woody fibres 
of many Brcmelias are used in manufactures. Tlie crown of tlie Pine- 
apple consists of the leaves arising from the prolonged axis (fig. 474/). 

b, Permnlh free^ Ovarif superior, Flowers vmally fieirmphrodite, 

1075. Order 195. — ^iiiliiusefe, the Lily Family. (Mom-perig. and 
Mom-hypog,) Flowers usually bisexual. Perianth coloured, in 2 
rows, regular, with 6 divisions (figs. 259, 260, 748, 749). Stamens 
6 (fig. 538), perigynous, inserted into the segments of the perianth 
(figs. 259, 748, 749) ; anthers introrse (fig. 750 e). Ovary free, 3-celled 
(fig. 749); ovules 00; style 1; stigma simple or 3-lobed (figs. 259, 
260, 750 s). Fruit 3-ceUed, either succulent or dry and capsular. 
Seedb numerous, packed one above the other in 1 or 2 rows (fig. 750); 
embryo in the axis of fleshy albumen (fig. 751). — ^llerbs, shrubs, or 
trees, with bulbs, (figs. 207-209), or tubers, or arborescent stems, or 
rhizomes (%. 90) ; leaves not articulated, usually narrow, with parallel 
veins. They are found both in temperate and tropical climates. In 
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warm regions some of them are arborescent, as in the case of DracsBnas; 
others are very succulent, as species of Aloe. The order has not been 



sufficiently defined, and there are still many differences of opinion as 
to its limits. Under it are included by some the following suborders : — 

1, Tulipeai, Tulip tribe ; bulbous plants, segments of perianth scarcely adherent 

in a tube, testa pale and soft. 

2. Hermcrocallidese, Day-lily tribe : bulbous plants, with a tubular perianth, 

testa pale and soft. 

;i. Scillem or Alliese, the Squill or Onion tribe: bulbous (figs. 207-209), with 
the testa black and brittle. 

4. Anthericem or Asphodeleaj, Asphodel tribe; not bulbous, roots fascicled 

(fig. 120) or fibrous, leaves not coriaceous nor permanent. 

5. Convallariese, Lily of the Valley tribe : stem developed as a rhizome or tuber 

(fig. 90). 

(i. Asparagess, Asparagus tribe: stem usually fully developed, arborescent, in 
some cases branched, leaves often coriaceous and permanent. 

7. Aloinem, Aloes tribe : stem usually developed, arborescent, leaves succulent. 
K. Apbyllan these, Grass-tree tribe : having a rush-like habit and membranous 
imbricated bracts. 


Lindley adds to these the tribes Conantherefe, Wachendorfeaj, A.spidis- 
treaj, and Ophiopogoneas. lie eimmcrates 133 genera, including 1200 
spfecies. Exampl ^ — ^Tulipa Lilium; Hemerocilis, Phormium; An- 
thericum, Asphodelus; Convallaria; Asparagus, Dracmna; Aloe; 
Aphyllanthes, Xanthorrhaja ; Conanthera; Wachendorfia ; Aspidistra; 
UphiopogoiL 

1076. Many of the plants of this order are showy garden flowers, 
such as Tulips, Lilies, Fritillaries, Day-lilies, Tuberoses {PoUanlJie$)^ 
and Dog-tooth- violets (Erf/thronium), Some of them arc used medi- 
cinally as purgatives, stimulants, emetics, and diaphoretics. Some 
yield valuable fibres, others supply resinous matter. The bulb of 

Kigs. 748-7.')1. — Organs of fnictiilcation of Scilla autumnalis, to illustrate the natural order 
hUiacese. 

Fig. 748.--Flowers seen from abova cv, Outer verticil of the perianth (calyx), c*, Inner ver- 
ticil of the perianth (corolla). 

Fig. 749.— Diagram of the flower, showing three outer and tlirec inner leaves of the ptiriantli, 
six mtOTnating stamens in two rows, and three carinds of the ovaiy with the ovules. 

Fig. 750.— Vertical section of tlic flower, c c, Fcriantli. e. Stamens, o. Ovary, s, Style and 
iiti^as. < 7 , Ovules attached to a placenta in the axis. 

Fig. 761.— Seed separated and cut lengthwise. Integument Perisperm. e, Embryo. 
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Sdlla or /Sjtwifa {Urging rmr^rm supplies the officinal squill. The 
plant grows on the sandy coasts of the Mediterranean. Its bulbs vary 
in weight from half a pound to four or five pounds. In their fresh 
state they are very, acrid. They contain a bitter crystalline principle 
called Scillitina. Squill is used medicinally in the form of powder, 
vinegar, syrup, and tincture, as an emetic diaphoretic, expectorant, 
and diuretic. The drug called Aloes, is the inspissated juice of the 
leaves of various species of Aloe^ as A, qmatOj vuUfaris^ socoirvm^ in- 
rubescem, arahicaj lingv^formi% and Comnielim. It is imported 
under the names of Socotiine, East Indian or Hepatic, Barbadoes, 
Cape and CabaUine Aloes. It contains a substance called Aloesin, 
which some regard as its active principle. Aloes is used medicinally 
as a cathartic, acting chiefly on the large intestines and on the 
rectum. The bulb of Allium sativum^ Garlic, is used as an irritant, 
stimulant, and diuretic. It is the o'ow of the Bible, the of 

the Greeks. The bulb of Allium Cepa^ the Onion, the of the 
Bible, is used in the same way as garlic, and so is the bulb oH Allium 
Porrum^ the Leek, the van of the Bible (figs. 207, 208). Besides the 
Onion and Leek, several species oiAlUum^ under the name of Cliive (A. 
SchoBnoprasurn)^ Shallot (A. ascalonicum), and Rocambole (A. Scorodo- 
prasum)^ are used as articles of diet. These plants contain free phos- 
phoric acid, and a sulphuretted oil, which is in a great measure dissipated 
by boiling or roastmg In the Oregon and Missouri districts of North 
America, the bulbs of Gamassia esculmta, Gamass or Squamash, are also 
employed in a simihir manner. It is called by the Indians Biscuit-root. 
The turios or young shoots sent up from the underground stem of Aspa- 
ragus qfficinalw (fig. 1 10), are the parts employed in cooking. The biilbs 
of species of Lilium, found in the east of Siberia, arc eaten like potatoes. 
Fibres arc procured from Pliormimn tenax^ New Zt^aland Flax, and 
from the species of Yucca, Adam’s Needle (fig. 234). Draccmi Ihnco, 
and other species, yield an astringent resin called Dragon’s-blood. 
The Draccenws often branch in a dichotomous manner, and attain a 
large size. The Grass-tree of New South Wales, Xanthorrhaia hmtiUs, 
gives a peculiar feature to the vegetation of that country. It yields a 
yellow gum-Hke substance. The base of tlie inner leaves of some 

Grass-trees is used as food. Some of the Lilies have bulbils or bulb- 
lets in the axils of their leaves (fig. 213). In the Crown-Imperial there 
is a nectariferous depression in the base of the segments of the perianth 
(fig. 302). Lilium chdeedonimm is said to be the Lilies of the field, 
T«c rov dy^ov, mentioned in Scripture. Hyajcmtkus orientalis is 
the common cultivated Hyacinth, of which the Haarlem florists had at 
one time upwards of 2000 varieties. The mania for Tulip bulbs was 
at one time canied to a great extent, and the price given for approved 
kinds was enormous. Many hundred varieties ol* tulips are known. 

1077. Order 196. — ^mdanthacece, the Colchicum Family. {Mom- 
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p&igyn,) Perianth petaloid, in 6 pieces, which are sometimes slightly 
coherent, usually involute in (estivation. Stamens 6 ; anthers extrorae. 
Ovary 3-ceUed; ovules nmnerous; style 3-parted; stigmas 3, uur- 
divided. Fruit a 3-celled capsule, with septicidal or locuhcidal dehis- 
cence. Seeds with a membranous spermoderm; albumen dense, 
ileshy ; embryo very minute. — ^Plants with bulbs, tubers (fig. 93), or 
fibrous roots, having parallel-veined leaves, slfeathing at the base. 
The flowers are sometimes polygamous. Tliey are natives of various 
parts of the globe, but are most abundjint in northern countries. The 
order has been divided into three suborders: — 1. Veratrese or Melan- 
thesB, rhizome fibrous, dehiscence of capsule septicidal, flowers fi*e- 
quently unisexual. 2. Colchiceie, rhizome bulbous, dehiscence sep- 
ticidal. 3. Uvulariea), rhizrmie bulbous or fibrous, dehiscence locuh- 
cidal. Tliere are 30 Icnown genera, and 130 species. Examples — 
Melanthium, Veratrum, Tofieldia; Colchicum; Uvularia. 

1078. The plants of the order have in general poisonous properties. 
Many are acrid, purgative, and emetic, and some are narcotic. Among 
the medicinal plants of the order, the most important is Cohhicum 
antamnaU^ Meadow Safiron, or Autumn Crocus. The bulb or corm 
(fig. 93) and the seeds are the oflicinal parts, lliey contain a peculiar 
jilkaloid called (.blchicia, which seems to be analogous to Veratria. 
Colchicum in large doses acts as a narcotico-acrid poison. In medi- 
cinal doses, in the form of extract, vinegar, tincture, and wine, it is 
used in the cure of gout and rheumatism. It is sedative, cathartic, 
and diuretic. The rhizome of Veratrum, aUmm^ the White Hellebore 
of the Greeks, is an in^itant narcotic poison, its properties being due 
to the presence of an alkaloid called Veratriji. It has been used as 
an emetic and i)urgative, esj)ecially in mania, and it has been adminis- 
tered as a remedy for gout. Covadilla is the fruit of Helonuis or 
Amgrcea offidmlisj as well as of Veratrum SabchdiUa. The fruit and 
seeds contain the alkaloid veratria in combination with a peculiai' 
1‘atty acid called cevadic or sabadiUic acid. Ccvadilla is used in cases 
of neuralgia and rheumatism. 

1079. Order 197. — Oiiiieniacese, the GiUiesia Family. (Mono- 
peru/f/u.) Perianth 6-parted, sometimes fi-parted by cohesion of two 
of the pieces, in a double row; the outer, petaloid and herbaceous; the 
inner, smaller, and more coloured ; estivation twisted. Stamens in a 
double series ; outer whorl sterile, in the form of a 6-toothed urceolate 
body, or of scale-like bodies, one of which forms a sort of labellum ; 
inner whorl of six stamens, of which three are sometimes sterile. 
Ovary superior, 3-celled ; style 1 ; stigma simple. Fruit a 3-ceUed, 
3-valved capsule, with loculicidal dehiscence. Seeds numerous, at- 
tached to the axis ; spermoderm black and brittle ; embryo curved 
in the midst of fleshy albumen.— Herbs with tuuicated bulbs, grass- 
like leaves, and umbellate spathaceous flowers. Natives of Chili. Tlieir 
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properties tmfci^iown. The description of the donmr is in accordance 
with Amott^s view, and differs from that of Lindley, who considers 
the perianth as bracts, and the outer verticil of stamens as the perianth. 
There are 2 penera and 5 spedes. Examplea — Gilliesia, Miersia. 

1080. Or^ 198. — JPoBtedcrineese, the Pontederia Family. {Matw- 
peri^Ti,) Perianth tubular, coloured, 6-parted, more or less irregular; 
asdvation cirdnate. Stamens 3-6, perigynous; anthers introrse. 
Ovkry free, or slightly adherent, 3-celled; ovules numerous, anatropal; 
style 1; stigma simple. Fruit a 3-celled, 3-valved capsule, witli 
loouliddal dehiscence. Seeds 00, attached to a central axis; testa 
membranous; hilum small; embryo straight, in the axis of somewhat 
mealy albumen; radicle next the hilum. — ^Aquatic or marsh plants 
with sheatliing, parallel- veined leaves, which are sometimes cordate or 
sagittate, and have inflated petioles. The flowers are spathaceous. Tliey 
are natives of North and South America, East Indies, and Africii. 
Their properties are unimportant. There are 6 genera, according to 
Lindley, and 30 spedes. Examples — ^Pontederia, Leptanthus. 

1081. Order 199. — ^Xyrldaceie, the Xyris Family. {Mmm-periffyiL) 
Perianth 6-parted, in two vertieik; the outer glumaceous, the inner 
petaloid. Stamens 6, 3 fertile, inserted into the claws of the inner 
perianth; anthers extrorse. Ovary single, 1 -celled; ovules 00, ortho- 
tropal, attached to parietal placentas; style trifld; stigmas obtuse, 
multifld or undivided. Fruit a 1-celled^ 3-valved capsule. Seeds 
numerous; embryo on the outside of .mealy albumen, remote from 
the hilum. — Herbs having a sedge-like aspect, with radical leaves, equi- 
tant and sheathing at the base, and scaly heads of flowers. Natives 
chiefly of tropical regions, having no important properties. There are 
about 6 genera, and 70 species. Examples — Xyiis, Abolboda, Phily- 
drum? 

1082. Order 200. — ^Jancaceie, the Rush Family. {Mom-hypo- 
perigyn.) Perianth 6-parted, more or less glumaceous. Stamens 6, in- 
serted into the base of the segments, sometimes 3, and opposite the 
outer segments; anthers 2-celled, introrse. Ovary 1 -3-celled; ovules 
1, 3, or many in each cell, anatropal ; style 1 ; stigmas generally 3, 
sometimes 1. Fruit a 3-valved capsule, with locuHcidal dehiscence, 
sometimes indeliiscent. Seeds with the testa neither black nor crusta- 
ceous ; embryo very minute, near the hilum, within fleshy or cartila - 
ginous albumen. — ^Herbs, with fasciculated or fibrous roots, hollow, 
grooved, or flat leaves, with paraliel veins. They are natives chiefly 
of the Colder regions of the globe. Many species of Juncus are used 
for makiilg the bottoms of chairs, mats, &c., and the central ceUulai* 
tissue fotos the wicks of rush lights. There are 14 known genera, and 
up'^ards of 200 species. Examples — Juncus, Luzula, Narthecium, 

1(^. Order 201.*— Pnlmie, the Palm Tribe. {Mano-pmgyn.) 
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Flowers bisexual or unisexual, or polygamous. Perianth 6-parted 
in a double row (fig. 757); 3 outer (calyx) fieshy, or leathery 
and persist^t (figs. 752 c e, 756 c), 3 inner (corolla) often larger 
(fig. 752 c i), and sometimes deeply connate. Stamens 6 (figs. 753, 
757), rarely 3, sometimes 00, inserted into the base of the peri- 
anth. Ovary free, 1-3-celled, usually composed of 3 carpels, which 
are more or less completely united (fig. 755); ovules 1-3. Fruit 



tirupaceous, or nut-like (fig. 756), or baccate, often with a fibrous 
covering. Seed vnth cartikiginous or horny albumen (fig. 520), which 
is often ruminate (fig. 497), or furnished with a central or lateral 
cavity ; embryo small, cylindrical, or flat, in a cavity of the albumen, 
remote from the hiluiii (figs. 497, 520). — Arborescent plants (fig. 
115, 1), with simple, rarely branched trunks, marked with the scai\s 
of the leaves, which are terminal, pinnate, or fan-shaped, with plicate 
vernation, and parallel simple veins, and often spiny petioles. Flowers 
on a terminal, often branched spadix, enclosed in a 1- or many-valved 

Figs. 762-766.-~Orgau8 of fnictilication of Areca Catecliu, Betel-nut Palm, to illnstrate tlie 
iiuturiil order Pa1in:e. 

Fig. 752.— Unexpanded dower-bud. c <?, Outer division of the perianth, c i, Inner perianth. 

Fig. 753.— Diagram of the dower, showing the two verticils of the perianth, tlie six stamunh, 
and three abortive carpels, cc, The position of tlie axis of indorescence in reference to tlie 
dower. 

fig. 754.— A dower deprived of its perianth, in which the stamens, e, arc partly abortive, wbUe 
the ovary, o, is developed. «, Stigma. 

Fig. 755.— Diagram of the last dower, showing the double perianth, the partially abo^ve 
.stamens, and the 3-celled ovary, a, Axis of indorescence. 

Fig. 756.— Fiiiit,/, surrounded at its base by tbe persistent periantli, c. 

Fig. 757.— Flower of Chamaerops hnmilis, Em^ipean Fan-Palm, seen from above. There are six 
divinons of the perianth, six stamens, and the ovary. 

2 M 
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spatha. Natives of tropical regions chiefly, and imparting to them 
much of their botanical physiognomy. Most of them have unbranched 
stems, attainiog sometimes a height of 180 feet, and sending out clus-* 
ters of large leaves, from the axil of which bunches of flowers proceed. 
Although the flowers are small, still the inflorescence, taken collec- 
tively, has often a most imposing aspect. Humboldt describes their 
effect on the landscape in glowing colours, and Martins has illustrated the 
order by splendid delineations. Linnaeus called them the Princes of 
the Vegetable Kingdom. Lindley states that there are 73 known 
genera, and 400 species ; but this estimate probably falls short of the 
total amount, for much still remains to be done in the elucidation of 
the species. They have been divided by Martins into various tribes, 
depending chiefly on the nature of the ovary, ovules, and fruit ; and 
sections are formed according as the leaves arc pinnate or flabeUifomi, 
and the stems are spiny or not. The following are the tribes : — 1 . 
Arecinea), the Betel-nut tribe. 2. Lepidocaryinsc, the Sago tribe. 3. 
Borassina), the Palmyra l*alm tribe. 4. Cor}^phmsD, the Talipot and 
Date tribe. 5. Cooointe, the Coco-nut tribe. Examples — ^Arcca, 
Euterpe, Caryota ; Lepidoairyum, Calamus, Sagus ; Borassus, Lodoi- 
cea; Coiy^ha, Livistona, Phoenix; Cocos, Elms, Acrocomia; Phyte- 
lephas. 

1084. Tlie properties of the plants of this order are very various. 
In the countries in which they grow, they arc used for supplying food, 
and for forming habitations. The ^it of some is eatable, while that 
of others is extremely hard. Many supply oil, wax, starchy matter, 
and sugar, which is fermented so as to fbnn an intoxicating beverage. 
Their fibres are employed for ropes, and the reticulum surrounding 
their leaves is sometimes nianuflictured into brushes. 

The Palm of the Bible, 10 : 1 , seems to be Phanix dcu'tylifera, the 
Date, the drupaceous fruit of which supplies food to many of the in- 
habitants of Arabia and Africa. Cocos nmlfcra (fig. 115, 1), the Coco- 
nut Pjilm, is one of the most useful, supplying food, clothing, materials 
for houses, and utensils of various kinds, ropes and oil. The sugJir 
procured from it is called Jagery, and is fermented so as to form arrack. 
The fibrous part of its finiit is manufactured into Coir-rope. The 
wood of the Coco-nut Pidm is known by the name of porcupine wood. 
The terminal bud of the Coco-nut Palm, as well as that of Euterpe 
montana, the Cabbage Palm, are used as culinary vegetables. The 
Double Coco-nut of the Seychelles islands is produced by Lodoicea 
Seychellarum, The pjdm-oil imported from the west coast of Africa is 
obtained by bruising the fruit of Elais guimensis and melartococca. 
The oil-bearing palms are in the tribe Cocoinacs. The Betel-nut is the 
produce of Areca Catechu, and from it an extract is prepared of an 
astringent nature resembling Catechu. The seeds or nuts form an 
ingredient in the eastern masticatory called Pan or Betle, and which 
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seems to owe its stimulating properties to the leaves of the Piper Betd. 
Sago, and starchy matter allied to it, is obtained from many Palms. 
It is contained in the cellular tissue of the stem, and is separated by 
bruising and elutriation. Fine sago is said to be procured ftum Sagus 
Icevts or inmnisj a native of Borneo and Sumatra; S. B/empMi or 
farinifera^ a native of Malacca ; and Saguerm Bumphii or ecwcharifer^ 
which is found in the eastern islands of the Indian Ocean. After the 
starchy matter is washed out of the stems of these Palms, it is then 
granulated so as to form sago. A single tree, it is said, will yield 500 
to 600 pounds. The last-mentioned Palm also furnishes a large supply 
of sugar. Sago, as well as sugar and a kind of Palm-wine, are pro- 
cured from Cayota urens. The date sugar of Bengal is the produce 
of Phcmiix sylvestris. Ceroxyhn or Iriartea Aiidicola yields wax, which 
forms a coating over its trunk. Coryplm cetnfera^ Carnahuba Palm, is 
another wax palm. Its trunks are imported into Britain, and have 
been used for veneering. It is much used in the northern parts of 
Brazil, as at Aracaty, for thatch, hats, packsjiddles, stakes, and palisades. 
The wax is procured by shaking the leaves, which have a glaucous 
bloom. Each leaf will yield fifty grains. A reddish resinous matter 
is yielded by Calamus Drctjco, It is one of the substances called Dra- 
gon’s-blood, and is used for colouring. Tlie whalebone-like bristles 
which surround the base of the leaves of some species of Sagus and 
Saguerus are used for brushes. The thinner stems of Palms, as of 
Calamus Scipionum and Rotamj^ arc used as canes under the name of 
Rattans. CaUmius Rudmtmn^ the Cabl(» Cane, a native of the East In- 
dies, Cochin-China, and the Moluccas, grows sometimes to the length 
of 500 feet. The fruit of Attalm Jumfera is known by the name of 
Coquilla-nuts, and its hard pericarp is used for making umbrella- 
liandles, &c. It seems to supply a fibre used in manufacture under 
the name of Piassaba. The hard albumen of Phytelephas mojcrocarpa 
is used in the same way iis ivory. Hence the pkmt is called 
Ivory Palm. Tlie spatha of Manicana saccifera comes off in the form 
of a conical cap, and is used as a covering for the head in the West 
Indies. Chamcerops humitis is tlie only European species of Palm. It 
is able to stand the climate of this country with slight protection during 
winter. A specimen in the Edinburgh Botanical Garden has lived 
in the open air for upwards of thirty years. It is covered with mat - 
ting during winter. The Doom-palm of Egypt [HyplicBm thebaim) 
has a trunk which divides in a dichotomous manner. Its pericarp 
is used as food, and has the taste of gingerbread. Acrocomia sclero- 
carpa is the Macahuba-palm of Brazil ; Mauritkt, vinifera is the Buriti- 
palm, the stem of which, when perforated, 3 delds a reddish juice, 
having the taste of sweet wine. Among the Palms which have 
flowered in the Edinburgh Botanical Garden may be mentioned— 
various species of Chamcsdoreoj Euterpe mmitcma^ Charmosrops humUmf 
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chinenm^ Haiim cca^otoides^ Areca triandra^ Corypha umbra- 
cu^brat Phomx ^Ivestris, 

, 1085. Order 202.— -C«iiMo«ifii«c«e, the Spider-wort Family. ^Mono- 
h^gyn.) Ferianth in 2 veili^s; outer (calyx) herbaceous and tripar- 
tite; inner (oordla) petaioid, tripartite or tnfid. Stamens 6 or fewer^ 
hypogynous, some of them occasionally abortive or deformed ; anthers 
intrqrse. Ovary 3-celled ; ovules few in each cell ; style 1 ; stigma 
1. Fiuit a 2-3-celled, 2-3-valved capsule, with loculicidal dehiscence. 
Seeds often in pairs, with a lateral and linear hilum ; embryo pulley- 
shaped, antitaropal, in a cavity of fleshy albumen, remote from the 
hilum. — ^Herbs with flat narrow leaves, which are usually sheathing 
at the base. Natives chiefly of warm climates. Some have fleshy 
rhizomes, which are used for food. Tradescantias, Spider-worts, have 
moniliform staminal hairs, in which a movement of granules is dis- 
tinctly seen under the microscope (fig. 225). There are 17 genera, 
and 264 species. Examples — Commelyna, Tradescantia, Mayaea. 

1086. Order 203. — ^Allniiacete, the Water-plan tsdn Family. {Aloiio- 
hypog,') Perianth in 6 divisions and 2 verticils ; outer whorl usually 
h^ba^ous ; inner usually petaloid ; sometimes the perianth is want- 
ing, Stamens definite or 00, hypogynous ; anthers introrse or extrorse, 
Ovaries 3, 6, or more, distinct or united ; ovules erect or ascending, 
solitary or in pairs. Styles and stigmas equal to the number of car- 
pels. Fruit of several dry, indeliiscent carpidia. Seeds 1-2 in each 
carpel, exalbuminous (fig. 525) ; embiyo straight, or curved like a 
horse-shoe; radicle next the hilum. — ^Plants growing in flowing or 
stagnant water, usually with a creeping rhizome, parallel-veined leaves, 
and hermaphrodite or unisexual flowers. Natives both of tropical and 
temperate regions. The limits of the order are not well defined. It 
has been divided into two suborders: — 1. Alismca?, inner perianth 
petaloid, anthers introrse, embryo curved or booked. 2. Juncagineae, 
inner perianth herbaceous, sometimes perianth 0, anthers extrorse, 
embryo straight, plumule coming through a slit in the embryo (fig. 
504). They have few important properties. Some are acrid, others 
have eatable rhizomes. There are 5 known genera, and about 70 
species. Examples — Alisma, Sagittaria; Triglochm, Scheuchzeria. 

1087. Order 204. — Batomacev, the Flowering-rush Family. (Morw- 
hypog,) Perianth of 6 parts, in 2 verticils (fig. 381, 2) ; outer usually 
herbaceous; inner petaloid. Stamens definite (fig. 381, 2, eo, e^), or 
00, hypogynous. Ovaries 3, 6, or more, distinct or united, 1-c^ed 
(fig. 381) ; Qvulcs 00 ; stigmas simple, as many as the carpels. Fruit 
consisting 6f several follicles, which are either distinct (fig. 393) and 
beaked, or combined. Seeds 00, minute, attached to the whole inner 
sudface ofthe pericarp (fig. 394), exalbuminous; embryo often curved 

horse-shoe; ra^cle next the hilum. — ^Aquatic plants, often 
^tescent, with parallel-veined leaves, and frequently umbellate 
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(lowers. They are chiefly found in northern countries, and some of 
them have acrid and bitter properties. Bulmms un^dketm^ Flower^ 
ing-rush, is the only British plant in the class Enneandria of linnsBUS. 
Lindley gives 4 genera, including 7 species. Examples — ^Butomus, 
jAmnocharis. 

c. — Flowers incomplete^ ofim unisexual^ mihout a proper perUmth^ 
or with a few vertunllate secies, 

1088. Order 20rj. — Pandanacete, the Screw-pine Family. {Memo- 
hypog.) Flowers unisexual or polygamous, covering the whole of the 
spadix. Perianth 0, or a few scales. Male flowers : Stamens numer- 
ous; filaments with single anthers, w^hich are 2-4-celled. Female 
(lowers : O varies 1 -celled, united in parcels ; ovules solitaiy or 
numerous, anatropal ; stigmas sessile, equal to the carpels in number. 
Fruit either fibrous drupes collected into parcels, or berries. Seeds 
solitary in the drupes, numerous in the berries; embryo at the base 
of fleshy albumen ; radicle next the hilum. — ^Trees or bushes, some- 
times with adventitious roots (fig. 115, 2), long, imbricated, amplexi- 
caul leaves, usutdly with spiny margins and backs. Natives of 
tropical regions. The order is subdivided into two sections; — 1, 
Pandanesg, undivided leaves and no peiiantli. 2. Cyclanthese, fan- 
shaped or pinnate leaves, flowers with a few scales. There axe 7 
genera, according to Lindley, and 75 species. Examples — ^Pandanus, 
Freycinetia; Cyclanthus, (-arludovica, Nipa. 

1089. Tlie flowers of some of the plants are fragrant, and their seeds 
are sometimes used as food. The juice has in some instances astrin- 
gent properties. The species of Pandanus are remarkable for their 
iierial roots, with large cup-like spongioles. These roots are sent out 
regularly from all parts of their stems, and appear like artificial props 
(fig. 115, 2). Their spermoderm has numerous raphides. Their 
leaves are arranged in a spiral manner in three rows, and in their 
aspect they have some resemblance to those of the pine-apple — Whence 
the name Screw-pine. Pandamis Candelabra is the Chandelier-tree 
of Guinea, and is so called on account of its mode of brandling. 

1090. Order 206. — ^Anccfc, the Arum Family. {Mom-hypog,) 
Flowers generally unisexual, rarely bisexual, endosed within a spatha, 
and usually on a spadix (fig. 239), having male flowers at its upper 
part, female below, and abortive flowers between them (fig. 239, 2). 
Perianth either 0, or in the g flowers rudimentary and scaly. Stamens 
definite or 00, h 3 q)ogynous ; anthers extrorse. Ovary free, 1- 8- or 
more celled; ovules solitary or numerous; style short or 0; stigma 
simple. Fruit succulent or dry, indehiscent, one, very rarely thiee- 
ceUed; seeds one or several; embryo in the axis of fleshy or mealy 
albumen, sometimes with a lateral cleft for the plumule ; radide usually 
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nexi file liiltun. — ^Herbaceous or shrubby plants, often with tubers or 
crewing rhizomes, leaves sheathing at the base, and having parallel 
or branching veins (fig. 289, 1). They occur in dry and marshy places, 
and in lakes in various pails of the world, abounding in the tropics. 
The order has been divided into four suborders: — 1. Arineae, Cuckoo- 
pint tribe (fig. 239); naked flowers with a spadix and spatha, ‘8 J , 
anthers sei^e, ovules several, fruit succulent, seeds pulpy. 2. Ty- 
phinesB, Bulrush-tribe; marsh or ditch plant^ with nodeless stems, 
flowers S ? , with a scaly or hairy perianth, arranged on a spadix with- 
out a spatha, anthers wedge-shaped on long filaments, ovule solitary, 
fruit dry, seed with adherent pericarp. 3. Acorese, Sweet-flag tribe; 
flowers g , having usually a scaly perianth, arranged on a spathaoeous 
spadix, ovules 1 or more, friiit a berry. 4. PistiesD, Duckweed tribe; 
flowers S naked, enclosed in a spatha without a spadix, ovaiy 
1-ceUed, ovules 2 or more, fruit membranous or capsular. The order 
incltides 47 genera, and 273 species. Examjiles — Arum,* Caladimn, 
Colocasia, Calla; T^pha, Sparganium; Acorns, Orontium, Pothos; 
Pistia, Lemna. 

1091. The general property of the order is acridity. Sometimes 
the plants are dangerous irritant poisons. In some instances the 
rl^omes yield much starchy matter, and when boiled or roasted, are 
used as substitutes for yams, under the name of Coco. The starch 
maybe separated and used as Arrow-root. Thus, Portland Sago* is 
prepared from the rhizome of Arum common Cuckoo-pint, 

or Wake-Robin. Dkffmha/chm seguim {Caladium seguinum)^ is called 
Dumb-cane, on account of the swelling of the tongue caused by 
chewing the plant. Many of the plants of this order give out heat in 
a marked degree during flowering (T 475). Some send out aerial 
roots, by means of which they climb upon trees. Dracontium pertusum 
has perforated leaves {% 137). Sgmplocarpus fantidus^ Skunk-cabbage, 
has a very disagreeable odour. Its rhizome and seeds have been used 
as anti-spasmodics. Eichardia africam, with its white spatha, is 
commonly cultivated under the name of iEthiopian Lily. The root- 
stock of Acmua Cahmus^ Sweet-flag, has an aromatic odour, combined 
with a bitterish acrid taste. It has been used as a stimulant and tonic. 
In Typha taUfolia^ Great Reed Mace, the poUen is abundant and 
eariiy collected, and from its inflammable nature has been used as a 
substitute for the Lycopodium spores. The young shoots of T, latifoUa 
and angmtifolia are eaten by the Cossacks like asparagus. The l^ge, 
fleshy, amylaceous rhizomes are eaten by the Kalmucks. Lemnos^ 
Duc^eeds, are common in ditches in temperate regions. Their 
flowers are veiy simple, one male, and the other female, without a 
perianth, enclosed in a membranous bag; their roots are simple 
fibres, covered with a sheath. Pistia Strodiotes floats in lakes in 
tropical cotuxtries. 
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1092. Order 207. — Maiadacete or Poianaie* the Naias or Fondweed 
Family. {Mom-hy^g*) Flowers hermaphrodite or unisexual. Pe- 
rianth of two or four herbaceous or sc^y pieces, often deciduous, 
sometimes 0. Stamens definite, hypogynous. Ovary fi*ee, of one or 
more carpels ; ovule solitary ; style 1 or 0 ; stigma 
entire,’ rarely 2-3-parted. Fruit dry, 1 -celled, 
usually indehiscent. Seed solitary, erect, or pendu- 
lous, exalbuminous; embryo straight or curved, 
usually with a lateral slit for the phunule (fig. 758); 
radicle large (figs. 499, 758). — ^Plants living in 
fresh and in salt water, having cellular leaves with parallel veins and 
inconspicuous flowers. They are found in various parts of the world. 
They have no properties of importance. Zostera rmrinoL^ is used ii^ 
the dried state for stuffing mattresses, and has been recommended for 
hospitals. Ouvirandra {Hydi'ogetan) fenestraMs has peculiar skeleton- 
like leaves (fig. 131). Aponogeton distackyum^ a Cape aquatic, has 
grown well for many years in the open pond of the Edinburgh Botan- 
ical Garden. Caulinia fragilis is one of the plants in which Rotation 
has been observed. There are 1 9 known genera, and upwards of 70 
species. Examples — ^Naias, ZannicheUia (fig. 505), Potamogeton (fig. 
130), Ruppia, Zostera. 

1093. ()rder 208. — Rentiacere, tlie Restia or Cord-rush Family. 
[Mom-perigyn,) Flowers frequently unisexual. Perianth glumaceous, 
sometimes 0. Stamens definite, perigynous, when two or three in 
number opposite the inner glumes; anthers usually 1 -celled. Ovary 
1 or more celled, sometimes composed of several carpels; ovules soli- 
tary, pendulous; styles and stigmas 2 or more. IVuit capsular or 
nucumcntaceous. Seeds pendulous; embryo lenticular, outside mealy 
albumen, remote from the hilum, — ^Herbs or undershrubs, with narrow 
simple leaves or none, naked or sheathed culms, and spiked or capi- 
tate, bractcated flowers. They are found chiefly in America and 
New Holland. Tliey have few properties of importance. The tough 
wiry stems of Willdemma tcfi^es and some Restias, are used for making 
baskets and brooms. Eriocaulon septangulare is a native of Britain, 
being found in the Isle of Skye, as well as in the west of Ireland. In 
Brazil there exist branched EiHocaulom six feet high. In 1 734, Linnieus 
described only 5 species of Eriocaulon in all the world, while Gardner 
collected in Brazil 100 species. The Diamond districts of Brazil are 
great centres of Enocauhns, There are, according to Lindley, 3(> 
genera, and 286 species. Examples — ^Restio, Centrolepis, Eriocaulon. 

Fig:. 7dS.— Embryo of Zostem in the natnral order Naiadacese. c. Cotyledon, r, Radicle, 
fc, Lateral swelling connected with the radicle. /, Slit for the plumule, which lies in a cavity of 
the very large radicle. 
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Subclass 3. — Gx^uiiACBiis. 

1094. Flowers glumaceou8, 'consistiiig of bracts or scales, which are 
imbricated, and not arranged in true verticils, leaves with parallel 
veins. 

1095. Order 209. — Cyperacfste, the Sedge Family. (Mom-hypog.) 
Flowers hermaphrodite or unisexual, generally without a perianth. 
Each flower iumished with a solitary bract (glume or scale). These 
bracts are imbricated upon a common axis, and the lowermost are 
often empty. Occasionidly they enclose two or three opposite mem- 
branous bracts or glumes. (In the female flower of Carex, the two 
inner bracts receive the name of Perigynium). Stamens hypogynous, 
deflxiite, 1-12^ anthers dithecal, innate. Ovary 1 -celled, often sur- 
roimded by hypogynous bristles (set©), which are probably abortive 
filaments; ovule erect, anatropal; style single, 2-3-cleft; stigmas un- 
divided, sometimes bifid. Fruit a crustaceous or bony achienium or 
nut (fig. 519); embryo lenticular, enclosed within the base of fleshy 
or farinaceous albumen (fig. 519 «); plumule incon- 
spicuous (fig. 759). — Grass-like herbs with fibrous roots. 

Their stems are solid, often without joints, sometimes 
creeping (fig. 91), frequently angular. The leaves are 
narrow, and their sheaths are entire, not slit. They 
are found in all quarters of the globe, and in various 
localities, from the sand on the shore, to the tops of 
the mountains. Many of them occur in marshy ground. 

Lindley enumerates 112 genera, including 2000 species. 

EasampUs — Cyperus, Eriophorum, Scirpus, Fuirena, Cladium, Schoe- 
nus, Scleria, Elyna, Carex. 

1096. None of the plants of the order possess important medicinal 
qualities. The creeping stems of Carex armaria^ disticha,^ and hirta^ are 
diaphoretic and demrilcent, and have been used in medicine under the 
name of German Sarsaparilla. Papyrus antiquorwn is the Papyrus of 
the Nile, the cellular tissue of which was used in the manufacture of 
paper. Some say that the word hds in the Bible, translated Bulrush, 
is either the Papyrus or a species of Cyperus, The word imr has 
been translated Paper-Beeds. The species of Eriophorum are called 
Cotton-grass, on account of the woolly-like substance which is attached 
to the b^e of the ovary. Some species of Cyperus have tubers at the 
lower part of their stems, which are used as food. The roots of Cy- 
perus longus have been used as bitter and tonic remedies, while those 
of (7. odoroilm are aromatic. Some species of Scirpus are used for 

Fig. 759. — EmbWo of Carex clepauporata, neparated to show the structure of that body In th<* 
natural order G 3 rp^ce 8 B. r, Radicle, c a, Cotyledon. /, Slit for the plumule. 

rf 
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making chair bottoms. Some of the CariceSj with their creeping stems, 
tend to bind together the loose sand on the sea-shore. 

1097. Order 210. — Gnunteefe^ the Grass Family. (Mono-hypogj/ri.) 
Flowers usually ^ , sometimes unisexual or polygamous ; 1, 2, or 
more (some occasionally abortive), are attached to a common axis. 





b'igs. 760-766.— Organs of ftnctiiication of Avena sativa, common cultivated Oat, to iUustrate 
the natural order Gramineos. 

Figa 760.— ’Splkelct of the Out a, Axi» of inflorescence or rachis, g c, Exterior or lower 
glume, g «, Inner or upper glume. //, inferior fertile flower, /a, Two upper abortive flowers. 

Fig. 761.— The same spikelet with the envelopes separated to show the mtemal parts, a a, 
Axis of Inflorescence, c. Outer glume. < 7 *, Inner glume, oe, Outer palea of the fertile flower, 
'With its awn (arista), p t, Inner palea, deft at the apex, and apparently formed by two united. 
e, Tlirce Btamena 0 , Pistil consisting of the ovary, and two stylea /«, Two abortive flowers. 

Fig. 762.— Diagi'ara of the splkelct g e, Outer glume, g % Inner glume, p Outer palea 
with awn; the inner palea being opposite, e, Stamena 0 , instil i Semes or lodicnlaa 
/«,/«, Barren flowera 

Fig. 766.— Fertile flower deprived of glumes and paleie. e, Three stamens with versatile 
cleft anthera p, Scales (squamsB or lodiculse) })artially united, o, Ovary ultimately forming 
the grain, wmdi consists of pericarp and seed combined, ss, Two s^les with feathery 
stigmas. 

Fig. 764.— Vertical section of the Caryopsis (fruit or grain), with the upper portion cut oft 
1 Integuments of the caryopsis and of llie seed united, p p, Pcriq[)erm. c. Embryo, r, Kadiclc. 
c a, Cotyledon. /, Slit corresponding to tlie plumula 

Fig. 765.— Embryo separated, r, Badicle. ca, Cotyledon. /, Slit corresponding to the 
plumule. 
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and enclosed within bracts, the whole together forming a locusta 
or spikelet (figs. 760-762). The outer imbricated bracts are called 
glumes; they are usually 2 (figs. 760, 761 ge gi)^ sometimes 1, 
rarely wanting, and often unequS. They are either awned (aristate) 
or awnless (muticous). The bracts enclosed within the glumes are 
called palesB or glumelhe ; they immediately enclose the stamens, are 
usuidly 2, the lower being simple, and the upper being formed of 
2 united by their margins (fig. 761 pepi). The innermost set of 
bracts consists of two or three hypogynous scales (squamulm, glumel> 
lulsB, or lodiculte), which are either distinct or combined (fig. 763 ^p), 
and are sometimes wanting. Stamens hypogynous, 1-6 or more; 
anthers dithecal, versatile (figs. 837, 763 e). Ovary simple (fig. 763 o); 
ovule ascending, anatropal ; styles 2 (fig. 768) or 3, sometimes united ; 
stigmas feathery or hairy (fig. 410, 7613 ss). Fruit a caryopsis (fig. 
467). Seed incorporated with the pericarp ; embryo lenticito, lying 
on one side of farinaceous albumen (fig. 495), near its base (figs. 764, 
765); endorhizal in germination (fig. 124). — Herbaceous plants, with 
cylindrical, hollow (fig. Ill), and jointed stems, called culms; alternate 
leaves, with a split sheath and a membranous expansion at the junction 
of the petiole and blade, called a ligule (fig. 194), the collections of 
flowers (locust®) being arranged in spikes, racemes, or panicles. 

Discussions have arisen as to the true nature* of the pale® in 
grasses. Brown thinks that the upper palea is composed of two 
parts united, while the inferior palea is the third part. The arrange- 
ment is thus tiimerous, and bears a relation to the scales or lodicul®. 
Mohl on the other hand states, that the inferior palea is not on a 
level with the other, and is in fact a bract from which the other is 
developed. From their alternate position, the parts of the flowers 
of grasses are in general looked upon as bracts, rather than as parts 
of a true perianth. • The following may be given as a general view of 
the parts of the flower : — 

1. Outer envelope: One or two glumes, the calyx of some authors, containing 

one or more flowers, with distinct insertions on a common axis. When 
one glume is suppressed it is the exterior or lower. 

2. Inner envelope : One or two pale®, corolla of some authors, calyx of Jussieu. 

Inner or upper palea sometimes suppressed. This palea (valve) consists 
usually of two confluent valves, as shown by two ribs equidistant from the 
axis. Hence this envelope is,, according to some, a ternaiy perianth. 

3. Sqnamul® (scales, iodicul®. or glumellul®), occur within the last envelope, 

and at the base of the ovary. 

Glasses are^ ft)tmd in all quarters of the globe, and are said to fonn 
about ^ :of known plants. In tropical regions they sometimes 
assume tSte 'i^pearance of trees. They generally grow in great quantity 
togetheif, so^as to receive the name of social plants. The order has 
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been divided into numerous sections, founded on the number of flowers 
in a spikelet, their hermaphrodite, unisexual, or polygamous nature, 
the number and form of the different sets of bracts, and the nature of 
the fruit. Lindley enumerates 291 genera, including about 3800 
species. Zea, Phalm*is, Panicum, Stipa, Agrostis, 

Arundo, Echinaxia, Chloris, Avena, Bromus, Festuca, Bambusa, 
Lolium, Triticum, Hordeiun, Nardus, Rottboellia, Andropogon, Sac- 
chanim. 

1098. This is one of the most important orders in the vegetable 
kingdom, whether we regard it as supplying, food for man, or herbage 
for animus. To the former division belong the nutritious cereftl grains, 
as Wheat (IWfe’cMm), Oats {Avmx)^ Barley (//orcfeum). Rye 

Rice (Oryza)^ Maize (Zea), Guinea-corn and Millet {Sorghum smd 
Panicmn)\ to the latter, the various pasture grasses, as Rye-grass 
(L6lmm\ Timothy-grass Meadow-grass (Poa), Cock’s-fbot- 

grass {Dactylis)y Sweet Vernal-grass {Anthoxanthum)^ Fescue {Festuca), 
Dog’s-tail-grass {Cynosurus), &c. The grains of many other grasses 
are used for food. Zizania aquatica supplies a kind of rice in Canada, 
Setaria gemianica yields German mUlet, Panicum mUiaceum gives a 
kind of millet in India, and Andropogon Sorghum has been sent to this 
country under the name of Durra, an Indian grain. Phalaris cana- 
7-iensis is the source of the common Canary seed. The cereal grains 
have been so extensively distributed by man, that all traces of their 
native country are lost. They seem to be in many instances examples 
of permanent varieties or races kept up by cultivation. Their grain 
or caryopsis contains a large amount of starch (figs. 35, 36) and gluten. 
The grasses used for fodder in some parts of the world attain a large 
size, such as Anthistiria. australis, the Kangai’oo-grass of New Holland, 
Tripsacum dactyloides, the Gama-grass of Mexico, and Dactylis caspi- 
iosa, the Tussac-grass of the Falkland islands. Some of these are five 
or six feet in height, and are nevertheless sufficiently delicate to be 
used as food for animals. The Tussac has been introduced into this 
country, and it thrives well in peaty soils within the influence of the 
sea spray. It promises to be a valuable grass in the Hebrides of Scot- 
land. 

1099. Sugar is a valuable product obtained from many grasses. It 
has been procured in Italy from Sorghum so/ccharoMm, sweet Sorgho ; 
in China, from Saccharum simnse; in Brazil, from Qynerium saccha- 
roldes; in the West Indies, from Saccharum vidla^eum; and in many 
otiier parts of the world, from S. officinarum. The last two are com- 
monly known as Sugar-cane, and they are generally considered as 
varieties of a single species, Saccharum ojfkinarum, which is now widely 
spread over various parts of the world. Six or eight pounds of the 
saccharine juice of the plant yield one pound of raw sugar. The fol- 
lowing were the imports of sugar into Great Britain in 1848 : — 
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Weat Indies,.. 121,600 torts. 

Mauritius 43,600 — 

BSast Indies,.. 65,200 

Java and Manilla, 11,000 — 

HavauB, Porto-Bico, and Brazil, 76,d00 


Total, 318,300 tons. 


1100. Some grasses have a very agreeable fragrance. This has 
been remarked in Anthoxanthum odoratum, which is hence called 
sweet-scented vernal grass, and is said to impart the odour to new- 
made hay in this country. Other grasses have the same property, 
which has been referred to the presence of benzoic acid. A fragrant 
oil is procured from some species of Andropogon, as A. Schoemnthusy 
Lemon-grass, and A, Calanms arormtkm, which seems to be the nap, 
or nap, the Sweet-cane of the Bible. Grasses contain a large 
quantity of siliceous matter in their stalks. This is deposited so as to 
form part of their structure, and in some cases it accumulates in the 
joints. The tabasheer in the joints of Bambusa airti^idinaceay the Bam- 
boo, is composed of silica. This is one of the tree-like branching 
grasses, which sometimes attains a height of fifty or sixty feet. It 
shoots up with great rapidity. In the Edinburgh Botanic Garden, the 
young shoots attain a height of tliirty or forty feet in a few months ; 
and the late superintendent (Mr. W. M‘Nab) measured, during a long 
summer day, a growth of the young stem to the extent of seven or 
eight inches. Most of the species of Bamboo have hollow stems, which 
often attain a diameter of many inches. Gardner mentions a large 
species of Bamboo [B. Tagoara) having a stem 1 8 inches in circum- 
ference, and attaining a height of 50 to 100 feet. The touch-paper 
of the Chinese is made from a variety of Bamboo, by beating the young 
shoots fiat, steeping them in a lime pit for a month, and then- washing 
and drying. A kind of paper is made from the Bamboo in India. 
Its young shoots are used as pickles. The hollow stems of some reeds 
in warm climates supply refreshing water to travellers. 

1101. The stems of some grasses run under ground, and form a 

sort of network, which is usef^ in consolidating the sand of the sea- 
shore. Elymus aremrius and Ammophila {Psamma) arenaria consti- 
tute the Bent and Marram of the British shores. This tendency to 
creep under ground, renders some grasses, such as Tritimm repens^ 
Couch-grass, difficult of extirpation. The grains of some grasses are 
used for ornaments. Beads are made from those of Coix Zjochryma, 
commonly called Job’s-tears, from their form and hardness. A few 
grasses, as Bromm purgans and caihartiem, have purgative properties; 
and one, LoUum t^uUntum (infelix loUum), Darnel-grass, is poisonous. 
Some suppose that it is the tares, of Scripture. The grains 

of Bye, and other grains, are liable to a disease called Ergot, depend- 
ing on the attack of a fiingus which alters the texture of the ovary, 
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mid makes it assume an elongated spurred form. The Ergot of Rye, 
or spurred Rye, has a pecuHip effect in promoting the contraction of 
the uterus, and is on this account used in medicine. Ergotted rye, 
when regularly used for food, has the effect of causing what has been 
called convulsive and gangrenous ergotism, the former disease being 
distinguished by insensibility and convulsions, ending in death; the 
latter by dry gangrene, which attacks the fingers and toes, causing 
sloughing of these parts, and sometimes proving fatal by exhaustion. 
The poisonous effects of Ergot are attributed to the presence of a fixed 
oil. 

1102. Order 211. — Rhlmithm, the Rhizanth or Rhizogen Family. 
{A pet Diclin,) Flowers usually monoecious or dioecious, sometimes 
5^ . Perianth more or less perfect, superior, trimerous, tetramerous or 
pentamerous, sometimes obsolete or 0. Stamens united, often in a 
fleshy column, to which the anthers cohere, dithecal, extrorse, opening 
longitudinally or by pores. Ovary inferior, 1-2-ceUed; ovules defi- 
nite or 00. Fruit indehiscent, pulpy, usually imilocular. Seeds 
sometimes solitary and pendulous, at other times 00, and attached to 
parietal placentas; embryo albuminous or exalbuminous. — ^Leafless, 
scaly, parasitic plants, having a fungus-like appciirance. They are 
never green, but assume a brown, yellow, or purple colour. Tliey are 
composed chiefly of cellular tissue, with a few scalariform and spii'al 
vessels. They are often stemless, and sometimes are ftimished with a 
creeping rhizome. In their mode of decay they resemble Fungi. Their 
seeds present a peculiar appearance, resembling spores rather than tru(.* 
seeds. The nature of their embryo is undetermined, and their place in 
the natural system is still doubtful. Lindley has placed them in a sepa- 
l ate class, intennediate between Thallogens and Endogens. They have 
l)cen divided by him into three distinct orders: — 1. Balanophoracea*, 
male flowers pedicellate; stamens 1-3; filaments and anthers both 
united; ovule solitary, pendulous; ihiit monospermous. 2. Cytinacea;, 
flowers in spikes; pcriantli 3-C-lobed; anthers sessile on a column, 
dehiscing by slits; ovules 00, attached to parietal placentas; fruit 
polyspermous. 3. Rafilesiace®, flowers sessile, solitaiy; perianth 5- 
lobed, with calli in its throat; anthers attached to a oolmnri, dehiscing 
by pores; ovules 00, attached to parietal placentas; fruit polyspermous. 
Ihey are natives chiefly of tropical countries, but some extend into 
temperate climates. They are found in the East Indies, South America, 
Cape of Good Hope, and the south of Europe. Lindley enmnerates 
21 genera, and 53 species. Examples — Balanophora, Cynomorium, 
Cytinus, Rafflesia. 

1103. Some of the plants are astringent, and have been employed 

styptics. Cyrwmyrium coccwmmj commonly known as Fungus meli- 

tensis, grows in Malta, and was long celebrated for arresting hajiiior- 
rhage. Cytinus is parasitic on the roots of Cistuscs in the south of 
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Eipope. hypodstis is said to contain gallic acid. The species 

o£'Eaffle$ia axe gigantic parasites, the perianth being sometimes three 
feet in diameter, and capable of holding twelve pints of fluid. They 
axe parasitic on the stems of species of Cissus, as well as on some 
leguminous plants. E. Patma is employed in Java as an astringent 
and styptic. 

SECTION IL— CRYPTOGAMOUS PLANTS. 

Class III. — Agottledones, Juss, Cellulabes and Mono-cbtttogahe^jDC. 
Thallophyta and Agbobbya, EndlicL Thai^logens and Aobogenb, LindL 

1104. The plants belon^g to this class, are in some instances 
composed entirely of cdlular tissue; in other instances, both cells and 
vessels are present. The vascular tissue in the higher orders consists 
partly of closed spiral and scalariform (fig. 62) vessels. Many of them 
have no true stem nor leaves. The woody stera^ when present, 
consists of simultaneous vascular bundles, which increase in an acro- 
genous manner 103). The stem of Tree-ferns (which illustrates 
this class) is unbranched, more or less uniformly cylindrical, hollow in 
the interior, and marked by the scars of the leaves (fig. 116). Stoniata 
occur in the epidermis of the higher divisions. Leaves^ when present, 
have frequently no true venation, at other times the venation is forked. 
There are no Jbioers, and no distinct stamens nor pistils. Eeproductim 
takes place in some cases apparently by the union of cells of different 
kinds (aiitheridia and pistilidia) (T 492), by means of which ger- 
minating bodies called spores arc formed (fig. 498). In other cases it 
is difficult to trace this process of fertilization. The spm'e may be con- 
sidered as a cellular embryo which has no cotyledons, and germinates 
from any part of its surface, being heterorhizal [% 591, fig. 530). 

Subclass 1 . — Acbogen^ ob Cobmogenje.* 

1 105. Acofyledons, having usually distinct stems and leaves, stomata, 
a certain amount of vascidar tissue, and thecae or cases containing 
spores. This subclass corresponds in a great measure with the division 
of Cormophyta, called Acrobrya by Endlicher, and with the Foliosa3 
or jEtheogamaj of De Candolle. 

1106. Order 212. — KquiMctacefe, the Horse-tail Family. Stem 
striated, hollow, usually branched, containing much silica in its com- 
position, articulated, the joints being separable, and surrounded by a 
pembranous toothed sheath. There are no true leaves, green-coloured 


sammit, a stalk or stem, and ytwiiuv to produce. 
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branches having a straight vernation occupying their place. The 
cuticle exhibits a longitudinal series of stomata. A spiral structure is 
observed in some of the vessels. Reproductive organs collected into 
cones ; spore-cases (thec£B or sporangia) attached to the lower surface 
of peltate polygonal scales (fig. 766), and opening by an internal 
longitudinal fissure (fig. 767); spores in the form of rounded cells, 
surrounded by 2 elastic, club-shaped, hygrometric filaments or elaters 
(figs. 768, 769). — Plants with simple or branched stems, the branches 

7fi« 7fi7 7(>8 

being jointed and placed in whorls at the articulations of the stem, each 
Avhorl consisting of as many branches as there* are teeth in the sheath. 
Found in ditches, lakes, and rivers, in various parts of the world. In 
South America, (Gardner measured an Etjuisetum fifteen feet high, and 
thi'ec inches in circumference at the lower part of the stem. There is 
<mly 1 known genus, comprehending aboiit 12 species. Example — 
E(iuisetum. 

1107. From the quantity of silicic acicl contained in them, some ol‘ 
the species of Equisetum are used in polishing mahogany. An analysis 
of them is given at % 226. The spiral filaments which surround 
their spores are interesting objects under the microscope, exhibiting 
marked movements according to tin* moisture or dryness of the atmo- 
sphere around them. The stomal a. are arranged in lines on the* 
cuticle. In Equisetum hjjemale^ often call(id Dutch Rushes, the sili- 
ceous stomatic apparatus is well seen after the action of nitric acid on 
the stem. Ill ere are regular rows of tubercles ol‘ a siliceous nature, in 
e^ach of which is a transverse*, fissure, and at the bottom of the fissure 
a stoma is placed, with its opening at right angles to that of the 
tubercle. Each portion of the stoma luis a pectinated (comb-like) 
appearance. Tlie distinctions between the spccie*s of Equisetum are 
founded on the nature of the fertile and barren stems, the number of 
stria? or furrows, and the number of teeth at the articulations. 

1108. Order 213. — Fiiices, the Fern Family. Stem, a rhizome 

Fipa 7<{(!-7(!9.— Ficproductivc orjruiis ot Ecjuisetuiii, to iUustrtittJ tlie imtUTiiI order Equisetttceie. 

Fig. 76({.— A poltntc or i)olygonul seulc, r, taken from tlie teniiiiml cone-like ftiictitication of an 
Kquisctuni. c, Thecas or spore-cases an-anged In a verticil on the under suiiitee of the scale. 

Stalk by which the scale is attached to the axis. 

Fig. 7C7.— r, Spore-case seen on its inner surtace, with tlie slit or opening by wliich the spores 
are discharged. 

Fig. 768.— A spore, with tlie two clavatc filaments rolled up in a spiral inatmcr around it. 

Fig. 769. — Spore, «, with the two tilainents, wliicli are clavatc at each extremity, unrolled. 
These filaments or elaters are liygi’omctric, and move about under the influence of moisture. 
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(fig. 770), which creeps along or under the surface of the ground, 
emitting descending roots and ascending fronds (leaves), or whidi rises 
into the air so as to. form an acrogenous trunk (fig. 116). This trunk 
(stipe) is of nearly uniform diameter, is hollow in the interior, marked 
on the hard outer rind by the scars (cicatrices) of the leaves, and con- 
tains vascular bundles of woody, dotted, and scalariform vessels, whicli 
are enclosed in hard plates, and arc arranged in an irregular manner 
(fig. 117). Sometimes the trunk is dichotomous (fig. 118). The outer 
fibrous covering is formed by the bases of the leaves, and is thicker at 
the lower than at the upper part of the stem. The leaves (fronds) have 
a circinate (gyrate) vernation (fig. 770 f f'); their veins are generally 
of equal thickness, and either simple or dividing in a forked manner 

(fig. 771), or somewhat reticu- 
lated, and occasionally stomata 
occur. Reproductive organs, 
consisting of spore-cases (tliecje, 
sporangia), whicli arise from tht^ 
veins on the under surface oi' 
the fronds (figs. 770 771 s, 

772), or from their margin. 
Spore-cases, either stalked, witli 
the pedicel passing round them 
in the form of an clastic ring 
(fig. 773), or sessile and desti- 
tute of a ring. The thecfie some- 
times arise from the surface of 
the frond, while at other times 
they spring from below, hav- 
ing a cuticular covering in the; 
form of an indusium or invo- 
lucre (fig. 771). The clusters 
of thecae Jirc called sori (fig. 
772). The margin of the frond 
sometimes is folded so as to 
cover tli(3 tliecaj, and at times the 
whole frond is converted info 

Fig. 770.— Rhizome of Scolopendrium officinale, with several fronds (leaves), 
in different degrees of devol<mnient In /' and/", the circinate or gyrate vernation is seen. In 
/ the linear transverBC son or clu.sters of tlicoae arc seen, Jiaving the appearance of dark lines 
on the lower surface of the frond. 

Fig. 771-773.~Froiid and fhictilicHtioii.df rolystiehuni ungulare, to illustrate the natural order 
Ftliccs. 

Fig. 771.“-Part of the frond seen on the lower surface, p. Two piiinjc covered with sori, s, 
having an indusimn. r. Rachis or central stalk of the frond. 

Fig. 772. — One of the sori or clusters of theca*, cut vertically, a, Tlie vein hearing it. i, In- 
dusiuin or fold of the frond covering it c, Theesa or Bj)orangia (spore-coses). 

Fig. 773. — One of the thecae separated at the period of dehiscence. «. Incomplete annulus i»r 
ring, which Iselaistic, and causes transverse dehiscence of the theca, p, Stalk of the theca. 'V 
Spores discharged. 
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clusters of thecse. Certain cellular papillse on the margin or upper 
surface of the fronds have been considered by some as antheridia, 
each of the cells containing a spiral fibre. Link and others state, that 
among the young thecae (pistilidia), filamentous bodies occur, which 
arc equivalent to stamens. — ^Fems are elegant leafy plants, occurring 
chiefly in moist insular climates, and abounding in the tropical islands. 
In mild and warm climates they occur in the form of large Tree- 
ferns, fifty to sixty feet high, which give a character to the landscape. 
The theca of ferns has been looked upon as a modified leaf, having 
the same gyrate or circinatc development as the frond. Leaves havt; 
occasionally been produced in place of thecae. Ferns having the theca; 
on the back of the frond, and furnished with an elastic ring or band, 
are called dorsiferous and annulate; while those having no thecal ring 
are exannulate. 

1109. The order has boon divided into several suborders: — 

I . Polypodiea!, tlieco; on the back of the frond, pedicellate or sessile, distinct, annu- 

late, rinj' vertical, usually incomplete, bursting irregularly and transversely. 

J. Hymen op Ijylleic, theem luarginal or dorsal, nearly sessile, distinct, annulate, 

ring horizontal, complete, occasionally oblique, bursting lengthwise. 

:5. Osmundem, thecse dorsal, or forming a separate stalked mass (an altered 
frond), distinct, with a terminal or dorsal ring more or less incomplete, 
bursting lengthwise. 

4. Ophioglosseoe, theem collected into a spike, formed at the edges of an altered 

frond, distinct, exannulate, two-valved 

5. Danaecic, theca*, united in masses, exannulate, opening irregularly by a central 

cleft. 

The generic characters of Ferns are founded on the position and direc- 
tion, covered or uncovered nature of the sori, as well as on the venation. 
Lindley notices 192 genera in his Filicid Alliance, including upwards 
of 2000 species. Kuiize estimates the species at 3000. There^are 
not above 700 species cultivated in Europe. In 1846 there were 887 
species grown in the Itoyal Garden at Kew. Examples — ^Polypodium, 
Aspidium, Lastrea, Grammitis, Adhuitum, Pteris, Davallia, Woodsia, 
Cyathea; Hymenopliylluni, '^Trichomanes, Aneimia, Lygodium; Os- 
munda; Ophioglossum, Botrychium; Danaia. 

1110. Few of the Ferns are used medicinally. They are in general 
demulcent and astringent. Some yield food. The rhizome of Lastrea 
FiUx-mas^ Male-shield fem, has been used as a vermifuge, especially in 
cases of tape-worm. It contains starch, gum, saccharine matter, tan- 
nin, green fixed oil, and resin. Its properties are ascribed to the fixed 
oil. The rhizome has been used for tanning, and its ashes contain much 
carbonate of potash. The syrup called capillaire, and certain pectoral 
mixture's are prepared 1aom A diantum pedxitum and A. CapUhw Verieris 
Tlie rhizome of Pteris escuhmia is used as food in Australia, and that of 
Maroittia alata in the Sandwich islands. Many otlier species of Ferns 
are esculent. The stems and leaf-stalks of Ferns are often covered 

2n 
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with scales, and with woolly matter. One {DavaMia canariensis): is 
called HareVfbot Fern on this account, and another {Aspidium Baromez) 
receives the name of Scythian or Tartarian-lamb, because, when pre- 
pared in a particular way, it resembles that animal. 

1111. Order 214. — niaraiieaceie, or Rhizocarpeie, the Pepperwort 
Family. Stem wanting. Leaves often stalked, with the lamina 
divided into three or more wedge-shaped pieces, sometimes the lamina 
is abortive; vernation circinate. Eeproductive organs near the root 
or along the petiole, enclosed in an involucre; these organs are of 
two kinds: — 1. Stalked or sessile clustered membranous sacs, con- 
taining minute granules, which some consider as pollen; hence the 
bodies are caUcd anthers. 2. Membranous sacs, containing cells 
which divide into four, one of which only is developed as a germinating 
body; the sacs have been called ovule-sacs, and the single developed 
cell is considered by some as an ovule which is impregnated by the 
so-called pollen. The theca? are the bodies from which genninatioii 
proceeds. — Creeping or floating plants, found in ditches and pools in 
various parts of the world, more especially in temperate climates. 
They are not put to any important use. Tliere are 4 genera, and 
upwards of 20 species. Examples — ^Marsilea, Pilularia, Sal\dnia. 

1112. Order 215. — liyc^podiacese, the Club-moss Family. Stems 

creeping or corrns; annular vessels in the axis. Leaves imbricated, 
more or less setaceous, sometimes subulate. Thee® axillary and ses- 
sile, 1-3-celled, opening by valves or indehiscent; often of two kinds. 
One, round, reniform, or crescentic, containing minute powdery 
matter, and called by some anthendia, though, perhaps, erroneously; 
the other of a roimdish tetrahedral form, enclosing a cell which pro- 
duces four spores capable of germinating; the spores are considered 
by some as equivalent to ovules, and the mother-cell as an ovary or 
oophoridium («o>, an egg or ovule, and I bear). In Isoetes^ 

the two kinds of reproductive bodies are imbedded in the substance 
of the base of the leaf. — ^They arc moss-like plants, intermediate be- 
tween ferns and mosses, and in some respects allied to cone-bearing 
plants. They abound in warm, moist, insular climates. There arc 
6 genera, and about 200 species. Examples — ^Lycopodium, Sela- 
ginella, Isoetes. 

1113. Some of the Lycopodiums are emetic and cathiirfic. The 
powdery matter in the thee® is inflammable, and has been used as a 
substitute for sulphur, under the name of Lycopode or vegetable 
brimstone. It is dso employed to cover piljs, so as to prevent their 
being acted upon by moisture. Lycopodium squamatum^ a Brariliaii 
species, coils up into a ball during the dry season, and unrolls during 
the wet season. 

1114. Order 216. — piiisci, the Moss Family. Plants having a dis- 
tinct axis of growth, often giving off branches or innovations ; no 
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vascular system. Leaves minute and imbricated (fig. 774/), entire, 
or serrated; sometimes with condensed cells in the form of ribs or 
nerves. Reproductive organs of two kinds: — 1. Antheridia (fig. 
368), cylindrical or fusiform stalked bags, containing powdery matter 
and phytozoa (fig. 368, 3), and mixed with empty jointed filaments 
or paraphyses an ofl&et). 2. Um-shaped pistiHidia (fig. 

777), enclosed at first within a calyptra a covering), whidi 

is ultimately carried up with them (fig. 775 c), leaving often a sheath 
(vaginula) round the bottom of the fruit-stalk. These pistiHidia 
finally become tlie thee® (fig. 774) or spore-cases, supported on a 



774 775 776 777 


stalk or seta which has leaves at its base, called perichastial 
around, and a bristle) leaves; on removal of the calyjrtra, tlie 

theca is found to consist of a case with an operculum or lid (fig. 


774-777.— Figures to illustrate’ the natural order Musci. 

Fig. 774.— Funaria hygiometrica sllglitly magnified /, Leaves, those connex^ted with the 
suta being called petichfetial. Uni-like theca, sporangium or sporc'case supported on a lojig 
twisted stalk or seta, p. c, Calyptra, which exists on one of the theca*, and has fallen iix)ni the 
other, o. Operculum or lid. 

Fig. 775.— llieca of Encalypta vulgaria «, Theca or spore-case, c, Mitriform entire calyptra. 

' . Operculum or M. «, Top of the seta. The calyptra is transparent, and tlie oiierculuni and 
Ihcea are seen through It. 

Fig. 776.— The same theca, «/, with the calyptra removed, o, Opei’culum detached, showing 
the peristome, p, with its sixteen cilia or teeth. 

Fig. 777.— Very young theca of Splachnnm cut longitudinally, a, Apophysis or sw'clling of 
the seta at the base of Ine theca, r, Central columella, s. Cavity or bag between the columella 
and the walls of the theca, containing sporca The integument of the theca is formed of dltTcrent. 
cellular layers; the first, e, forms the epidermis, and is thickened at the summit to form the 
operculum; there are then two intermediate iavera which ultimately form the teetli of the - 
peristome; and lastly, an imier integument, s, whicn forms the parietes of the qpore-hearing 
cavity. 
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776), which, when it fells ofij shows the mouth of the um either naked 
or crowned with a peristome around, and mouth), con- 

sisting of one or more rows of teeth (in number, four, or a multiple of 
four), distinct, or united in various ways (fig. 776 p). In the centre of 
the theca is a columella (fig. 777 c), and the bag formed between it and 
the parietes of the theca, contains spherical cells called spores, each 
of which divides into four small spores or sporules, the germinating 
bodies (fig. 777). In some cases the operculum remains persistent 
and the theca opens by four valves. At the base of the theca there 
is occasionally a fieshy protuberance at one side called a struma, or a 
swelling of the seta called an apophysis (d^Tro^vaig, excrescence), (fig. 
777 Cl). The calyptra is sometimes split on one side (dimidiate), at 
other times it is entire (fig. 775 c) or split into short clefts all round 
its base (mitriform). Between the teetli of the peristome and the edge 
of the theca, an elastic ring or annidus is formed; and occasionally a 
horizontal septum or epiphragm {(ppdyfcu, a partition) extends across 
the mouth of the thecae. The setae are sometimes twisted, and so are 
the teeth of the peristome. — ^Mosses are either erect or creeping, ter- 
restrial or aquatic plants found in all moist countries, extending from 
the arctic to the antarctic regions. They abound most in temperate 
climates. They are among the first plants which appear on newly- 
formed islands. In speaking of the morphology of mosses, Lindley 
states that the calyptra may be considered as a convolute leaf, the 
operculum another, the peristome one or more whorls of minute fiat 
leaves, and the theca itself as the excavated distended apex of the seta. 
I have a specimen of Tortula fallax^ which I received from the late 
Mr. E. Quekett, in which leaves appear at the top of the seta in place 
of the spore-case. 

1115. Mosses have been divided according as their seta is terminal 
{acrocarpi, .summit, and Ku^Trog, fruit), or lateral {pleuroca^pi^ 
^Mupet, side), according as the operetdum is adherent or not, and 
according as the mouth of the theca is naked, or has single or 
double peristome. Divisions have also been adopted, founded on 
the position of the antlieridia and pistillidhi, &c. Lindley separates 
Andrasa fi'om true Mosses, on account of its spore-case opening by 
four valves. According to him there arc 46 known genera, and up- 
wards of 1100 species. Examples — ^AndroBa, Phascum, Gymnostomuiu, 
Splachnum, Orthotrichum, Dicranum, Bryum, Funaria, Polytrichum, 
Hypnum, Sphagnum. 

1116. Order 217. — Hepaticce, the Liverwort Family. Plants 
having an axis which either bears cellular leaves (fig. 778), or is leaf- 
less and is bordered by a membranous expansion or thallus. Stomata 
are found in the epidermis of some. The reproductive organs are — 
1. Antheridia, which are either imbedded in the frond, or situated on 
rounitled' sesidle and stalked receptacles. 2. PistiUidia, either eii- 
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closed in involucres and solitary (fig. 778 * »), or occurring at the 

edge of the frond, or on the lower 

side of stalked peltate expansions 

(fig. 412). Thecae or developed 

pistillidia, having no operculum, 

opening irregularly, or by four 

valves (fig. 778). Spores (fig. 498) 

often mixed with spiral filaments 

called Elaters (fig. 779). Hetero- 

rhizal in germination (fig. 530). — 

Ten-estrial ' plants found in damp 
places, or inhabiting water; some 
having amoss-likc appearance. They 
;iro natives both of cold and wiirm 
climates, and are generally distri- 
buted over the globe. 

1117. The order has been divided into three sections: — 1. Mar- 
(hantiese: thecae collected in heads, bursting irregularly, no opercu- 
lum, spores with elaters. 2. JimgemiannieaB: thecae solitary, opening 
by four valves, no operculum, spores with elaters. 3. Eiccieae: thecae 
solitary, decaying so as to allow the spores to escape, no operculum, no 
elaters (fig. 411). Many of the Ilepaticae produce gemmae or buds, 
which are developed on the frond in the form of cup-shaped receptacles, 
and ultimately fall off so as to become distinct plants. MarcJianiia 
hmdspherica has been recommended in dropsical cases. There are, 
according to Lindley, 65 genera, and about 700 species. EacampUs — 
Marchantia, Jungermannia, Eiccia. 

Subclass 2. — ^THALLooENii;'*' ob Cellul^res. 

1118. Acotyledons composed entirely of cellular tissue, having no 
distinct axis, nor leaves, nor stomata, propagated by means of spores, 
which are often enclosed in asci. It corresponds to Endlicher’s divi- 
sion of Thallophyta, and includes the Amphigamse of De Candolle. 

1119. Order 218.— rijicheMen, the Lichen Family. Plants forming 
a thallus, which is either foliaceous, crustaceous (fig. 780), or pulveru- 
lent; these different forms depending on the mode in which the cells 
are developed and combined. The reproductive organs appear on the 
frond in the form of protuberances of various kinds, consisting of an 
'Vuter layer of thick-walled roundish cells, more dense than the tissue 

* a green leaf, I produce. ■ 

Figa 778, 779.— Organs of fructification of Jungermannia Tamarisci, to illustrate the natural 
order Hopaticse. 

Fig. 778.—/, Branches covered with imbricated leaves, arranged in a distichous manner. Two 
^ tile brandbes bearing thtfae, supported on stalks which arise from an Involucre at :&e base, 
t «, Involucrea c, Theca dSiod in tlie young state, o'. Theca opening by fbor valves to discharge 
the spores and clatera * 

Fig. 779.— r. Receptacle bearing elaters, e, or spiral filaments, one of which shows the double 
spir^ fibre, s, Free sporea 
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of the thaUus, and of a different colour (fig. 782 c c), and of an internal 
medullary layer of paraphyses and sporangia, lying perpendicularly to 
the outer layer (figs. 782 c m, 781 tp). The fimctification gradually 
projects more from the surface, and either remains covered vrith the 
outer layer, or bursts through it. When it remains closed, there is a 
nucleus in the centre. When the fructification bursts through the 
cortical or outer layer, it expands in the form of shield’like discs, called 
apothecia a repository), or patellae (figs. 780 a, 781 a) (patella. 





a hollow disk), or linear expansions called lirellas (lira, a furrow). 
Sometimes the cortical matter forms a border round the fructification, 
at other times it grows up in the form of a stalk, so as to give rise to a 
podetium (orovg, a foot). The young thecae (asci) contain spores, vary- 
ing from 4 to 8 (fig. 413), or from 12 to 16. Occasionally, the spores 
are in sets of two (fig. 413, 2). Separated cells of the meduliary 
layer, of a green colour, called gonidia (yoV*?, generation, and 
resemblance), or gongyli, are considered as another kind of reproduc- 
tive organ. There is much uncertainty as to the real character of the 
spherical or subspherical green bodies called gonidia, which are char- 
acteristic of true lichens. When separated from the parent structure, 
they are capable of forming new plants. Thwaites says that they are 
not gemmas, but that they are analogous to the vesicles of Nostoc, 
one of the ^^gse. — ^Lichens are found in all quarters of the globe, 

flga Organs of fractiftcatlon Parmelia AcetabulTim, to illustrate the natural order 

Ltdbene& swttoh H'^enothalamese. 

Pig. 780.^ ThalluB of the Lichen, s, Apothecia in the form of shieldB in different degi^s 

Pig. 781.— Apothedum, a, cut vertically and magnified in order to show the layer, t p. formed 
by the otthecas oto paraphyses. 

Fig. 782.— A small portion of the apothedum much more magnified, showing, c the central 
medullary layer, e c, The oortioal layer. 1 1, Thecse in different degrees of devd(q[nnent. pi 
Paraphyses. 
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adhering to stones, rocks, trees, &c. During part of their growth, 
they appear to be capable of deriving most of their nourishment from 
the atmosphere. They have the power of acting on hard rocks, so 
as to disintegrate them in process of time, and many of them contain 
much inorganic matter in their coiaposition. They ail grow in the 
air ; none am found submersed. 

1120. The order has been divided into four sections: — 

1. Hymenothalainese a membrane* a receptacle): shields open, 

discoid permanent nucleus bearing the sporangia on its sunace (fig. 780). 

2. GastcrothalaOieoi a belly) : shields either closed always, or opening 

by bursting through the cortied layer of the thallus, the nucleus containing 

the deliquescing or shrivelled sporangia. 

3. Idiothdamese (iW, peculiar): shields closed at first, opening afterwards, 
* containing free spores in a nucleus composed of the gelatinous remains of 

the paraphyses and sporangia. 

4. ConiothalaincoB powder), pulverulent lichens : shields open* without a 

nucleus* cavity filled with free spores. 

1121. Lichens furnish articles of food and important dyes. Oetraria 
Maiidica, commonly called Iceland Moss, contains a nutritious matter 
called Lichenin, or Lichcn-starch. There exists in it a bitter principle 
also, to which the name Cetrarin has been given. The plant is used 
as a demulcent and tonic, in the form of decoction or jelly. CZtt- 
(Ionia rangiferma is a Lichen upon which the Reindeer feeds. Several 
species of Gyrophora constitute the Tripe de Roche, on which Frankhn 
and his companions subsisted for some time. . Many other Lichens, 
such as Stida puhnonaria^ and species of Lecanora^ furnish articles of 
food. Ruccella tinctoria from the Canaries, and i?. fuidfonnis^ furnish 
valuable dyes, under the name of Orchil or Archil. The dye procured 
from them, and from other Lichens, is called Litmus. Lecamra tar- 
tarea supplies the dye called Cudbear. Parmlia panetimi contains a 
yellow colouring matter called Parietin or Chrysophanic acid. Some 
species of Variolaria contain a large quantity of oxalate of lime. 
Some plants of the order are aromatic. 

1122. Order 219. — ^Fongi, the Mushroom Family. The plants be- 

longing to this order, consist of cells, sometimes round, sometimes 
elongated in the form of filaments, either placed closely together or 
separated. They are variable in their consistence, being soft or hard, 
fibrous or gelatinous, fleshy or leathery. They never contain green 
gonidia like Lichens, and they rarely grow in water. There exists a 
vegetative system called spawn or mycelium fungus), formed 

of dongated, simple, or articulated filaments, concealed within the 
matrix, or expanded over its surface, from which varied forms of fruc- 
tification' proceed. The mycelium occurs either in a filamentous, a 
membranous, a tubercular, or a pulpy form. The reproductive orgaus ’ 
consist of spores or spherical cells (usually 4 or some multiple of 4), 
which are either attached to the cellular tissue, and supported eften 
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on simple or branched filamentous processes (fig. 785, 787 b) called 
sporophores a spore, and I bear) or basidia a 

784 786 



base); or are contained in theca^ (tlwca, a sac), cystidia a blad- 

der), or asci (eiffKog, a bag), (fig. 785 c), accernpanicd with bodies 
called antheridia or paraphyses; in the latter case, the term sporidiais 
sometimes applied to the spores. The sporophores sometimes end in 
delicate cells bearing the spores, and cjUled sterigmata a 

stl|)port. In the Agarics or Muslirooms, which are among the best 
known fungi, ther|| is observed first a roundish protuberance on . the 
mycelium. Tins swelling is called the volva or wrapper, and it gra- 
dually enlarges, containing in its interior what appears afterwards as 
the agaric with its reproductive bodies. When the volva is ruptured, 
the ftdly-formed agaric is seen, consisting of £in upper rounded portion 
called the pilous or cap (fig, 783 c c*), supported on a stalk or stipes 
(fig. 783 p). On its under surface is situated the hymenium 
membrane), or the part where the spores are produced (fig. 783 A), 
covered at first by a thin membrane called a veil (indusium or velum). 


rigs. 788>787.— FigareB to lUustrato tho nataral or6or Fongi. 
i F^f. 783.— A duster of plants of Agaricus caunpestri^ Mushroom, In different stages of de- 
vdopment />, Stipe or stalk, c e c, Fileus, hat or cap. v, Volum or indusium which unites the 
idleus and stipe, and when ruptured forms the annulus or ring, a a. A, Lamcllse or gills radiating 
from the centre, on the under surface of the pileus, and hearing the hymenium or receptacle of 
theq^res. 

Fig. 784.— Hymenium seen from above, the spores, A, being scattered over it in sets of four 

f1g.,78&— A small portion of the Hymenium much magnified and viewed laterally. A, Its 
tiSflAie composed of ceus. A, Basidia or sporophores bearing the spores; one of these is figured 
sqtfaratdy, bearixig a large number of sporea c, Cystidia or thecso. 

Fte 786.— A small portion of the idlcus of Clathnis cancellatas, in the form of a sort of net- 
work. The Hymenium covers its inner surfhee, and is seen following the contour of the lacunee, 

1 2, .of Uie network. 

Fig. 787.— Hymenium mudi more highly magnified to show the particular form of the hasidla, 
A.. q^jBpores. 
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which is tiltimately ruptured; and when the rupture takes place at the 
f.'dge of the pileus, an annulus or ring is left on the stipes (fig. 783 a a). 
The hymenium, or the part on which the organs of reproduction are 
placed, consists in the agaric of cellular plates, lamdlse, or gills, radiating 
from the centime (fig. 783 h). In other genera of Fungi (fig. 786) it 
consists of tubes or solid cplumns, or fleshy or gelatinous matter. 
Sometimes the hymenium is , on tlie upper surface of the fungus. — 
Cellular plants, often growing on deca 3 dng organic matter, generally 
very fugacious, and presenting various colours. They are found in aU 
j)arts of the world. 

1123. The following are the divisions usually recognised, as defined 
by Berkeley : — 

1. Bymcnomycetcs a membrane, and fjt.Cxvie, a fungus): Hymenium naked, 
spores in sets of four (fig. 784 6), and borne on distinct sporophores (figs. 
783, 785). • 

•J. Gasteromycctcs (yaa-rii^, a belly); Hymenium enclosed in a membrane (peri- 
dium), spores as in section 1 (figs. 786, 787). 

•v Coniomycetes (*«►/.', powder). Flocci of the fruit obsolete or mere peduncles, 
spores single, often partitioned, and on more or less distinct sporophores. 

4. Hyphomycetes I weave): Thallus flocense, spores naked, often septate. 

Ascomycetes {ua-xosy a hag): Sporidia (spores) contained often in sets of eight' 
in asci or tubes. 

{). Physomycetes a bladder): Thallus floccose, spores surrounded by a 

vesicular veil or sporangium. 

Under these sections Berkeley enumerates 698 genera, including about 
1000 species. Examples — ^Agaricus, Polyporus, Hydnum, Clava». 
Phallus, Geaster, Bovista, Craterium, Nidularia; Bactridium, TonSa’ 
Credo, -dicidium; Ceratium, Tubercularia, Botrytis, PeniciUium; Hel- 
vella, Peziza, Tuber, Erysiplie, Onygena; Phycomyces, Mucor. 

1124. The plants of this order deserve attention, whether we regard 
their esculent, or their poisonous qualities, or the destruction which 
ihey cause by their parasitic growth. In this country the chief 
■species eaten are Aga7ic'us campestris, the common Mushroom, Agaricus 
Georgiy MorcMlla esculenta and other species of Morel, Tvher dharmmj 
Truffle. Li foreign countries, as in France, Italy, Germany, and 
Russia^ numerous Fungi are used as food, which have acted as poisons 
in this coimtry. The process of cooking, as well as the climate, may 
liave some effect in modifying their qualities. Agaricus procerm itf 
eaten abroad ; but I have seen a case of poisoning from it occur in 
i:idinburgh. In Rome it is stated that the yearly average of taxed 
mushrooms, from 1837 to 1847, was between 60 and 80,000 pounds 
weight. The finest mushroom is said to be the Agaricus Prumdus, 
Amanita mmcaria is a poisonous species, which is used as a means of 
intoxication in Kamtschatka. It is said to give this property to the 
urine of those who eat it. It is not easy to distinguish between edible 
and poisonous Fungi. It has been said that the latter are often highly 
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coloured^ have scales or spots on their sur&oe, tough watery flesh, and 
grow in clnstei;s on wet ground, and often in the shade ; while the 
former axe seldom highly coloured, generally white or brownish, rarely 
show scales or spots, have brittle flesh, and grow solitary in dry pastures, 
not in the shade. In some cases Fungi form a staple article of food. 
Darwin states that the inhabitants of Terra del TSiego live upon a 
globular fungus of a bright yellow colour [Cyttaria Darmnii), found 
on the bark of the beech. Many species of Boletus are used as food in 
Western Australia, according to Drummond. Mylitta austt'aUs is 
known in Australia as Native Bread. 

1125. Some Fungi are limited to certain kinds of decaying matter. 
Many species of Onygma are found only on the dung, feathers, and 

^ hoofs of particular animals. Peculiar species of Mycoderma are deve- 
loped in vinegar, in yeast, and in flour. . The rapidity with which 
Fungi sometimes grow is remarkable. Ward noticed Phallus irnpudi- 
CU8 shoot up three inches in the course of twenty-five minutes, and 
attain its full elevation of four inches in an hour and a half. Bov^ista 
gigantea, in a single night, has increased from the size of a pea to that 
of a melon. The force also with which they expand has been shown 
'by their raising pavements under which they had been developed. 
&me Fungi, as Agaricus oreades^ coccinem^ and personntm^ are deve- 
loped in a centrifugal manner, forming fafry rings. Certain species of 
Agarkvs ^ve out a sort of phosphorescent light. This has been re- 
marked in Agaricus olearius, Agaricus Gardneri, and some species of* 
Aigaric from the Swan River. A similar kind of light is produced by 
species of Rhizomorpha which occur in coal mines. Polyporus foinert- 
tarius forms amadou, and it, as well as F. hetulinus, have been made 
into razor-straps. 

1126. The diseases caused by Fungi are numerous (T 693-696). 
Blight, mildew, rust, and smut, are diseases of grain due to the attacks 
of iSingi. Dry-rot is owing to the presence of Merulim lacrymans and 
vastator, and Polyporus destructor^ the mode of preventing which has 
been already alluded to 699). The disease called ergot, which 
attacks Rye and other grasses, is produced by the Spermoedia Clams 
(IT 1103). The various moulds which occur on bread, cheese, pre- 
lerves, and fruits, are plants of this extensive order. Penicillimi 
^^laucum is one of the most common moulds, occurring on organic sub- 
stances, on books, <&c. A species of Racodium is found in low cellars, 
as at the London docks. Some Fungi are produced on living animals. 
Thus, the disease called muscardine in the silkworm is produced by 
BotryUs Bassiana, Certain wasps in the West Indies are affected by a 
similar disease. Bpheeria sinensis^ a celebrated Chinese drug, grows 
from a catei^illar; Sphoeria Rohertsii is developed on the larva of He- 
pialus virescem in New Zealand; and Sphmia Taylori on an Australian 
cateipiUar. So are also Sphoeria sohiMfera^ emtomorUza^ fuRitaris^ and 
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others. Particular kinds of mould sometimes grow on the mucous 
membrane of birds. Some mycodermatous Fungi are connected with 
certain cutaneous and other diseases in the human species. Thus, 
cellular filaments called Porrigophytes are found in the crusts of 
Porrigo favosa^ Mentagraphytes in those of Mentagra or SycoBia mentis 
and Aphthaphytes in Aphthce, 

1127. Order 220. — the Sea- weed Family. Cellular plants 
found both in salt and m fresh water. Fronds composed of variously 
formed, often elongated cells, which are either simple or branched fila- 
ments, continuous or articulated, separate, or combined in difierent 
ways (fig. 29) so as to constitute fronds of various kinds (fig. 788). 
Growth takes place by the division of cells, or by cellular prolonga- 
tions, in the form of lateral branches. Eeproductive organs consist of 
spores, which are contained in mother-cells or perispores (irfgl, around, 
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and seed), or sporocarps fruit). These are sometimes 

congregated together in receptacles of different sorts (figs. 788 c c, 
789). The spores occasionally divide into 3 or 4 ceils, constituting 
tetraspores four). In addition to spores or sporocarps (fig. 

791 s^), there are sometimes round, or davate, or filamentous cellular 
bodies present, to which some give the name of antheridia (fig. 791 /). 
In some of the simplest Algae, the whole plant is concerned in producing 

Figs. 788-792.— Frond and organs of reproduction of I'ucas serratos, to illustrate the natural 
order Algee. 

Fig. 788.— The entire plant mudh diminiidied in sUe. /, Frond composed of cello, so united as 
to fonn a flat expansion, c c, Conceptacles at the extremities of the mmd, containing the organs 
of reproduction. 

Fig. 789.— Extremity of the frond covered with conceptacles. 

Fig. 790.— Vertical section of a conceptacle, c, with its inner aurfoce covered with spares 
(sporocimM), and paraphyses, or antheridia t, snperficial ceUulax tissue of the frond, In 
which the conceptacle is buried, o, Foramen by which the conceptade mens externally. 

^ Fig. 791.— Spore, sp, covered with its peiii|Mre or fporocarp, i>. /, Filaments or poraphyses, 
hy some called antheridia. 

Fig. 792.— Spoi-e, «, separated and deprived of its periqiare or outer covering. 
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new individuals by division of the parent cells into 2 or 4. In othens 
there is a union of 2 filaments^ and a passage of certain granular par> 
tides (endochiome) from the one to the other, ending in tiie formation 
of the spore. This process is termed cmjugation^ and is one of great 
interest. It has been observed in some of the Confervacm and Dtato- 
fmaeoB, In certain cases, the terminal cell of the filament is that in 
which a spore is formed without any conjugation, and in these cases 
the spore is frequently provided with ciliary processes, whidi exhibit 
lor a time spontaneous movements {figs. 431-434); hence called 
:roospor(is. In the higher AJgse, the sporoctirps containing 2, 4, or more 
reproductive cellules, are united together in conccptacles along with 
filaments containing ph 3 rtozoa, and called antheridia (figs. 790, 791). 
In CJiararem there are two distinct organs of reproduction. 

1128. This extensive order has been divided into the following sub- 
orders : — 

1. CharacesB: water plants formed of parallel tubes, which are sometimes en- 

crusted with carbonate of lime ; reproductive organs are of two kinds — 
a round red globule consisting of eight valves which enclose cells ot 
different kinds, containing granular matter and peculiar spiral filaments or 
phytozoa (fig. 369); 6, an oval nucule formed by a large central cell or 
spore, with five elongated cells wound spirally round it, surmounted by fiv(*. 
teeth. Some consider the globule as an antheridiuro, and as equivalent to 
an anther. The nucule contains the germinating body. The rotation of 
granules takes place in the plants of the tribe (f 275, 27C). 

2. Fucacese, the Sea-wrack tribe: usually growing in salt water ; frond consist" 

ing of cells which are often united by gelatinous matter (fig. 29), and which 
sometimes form a broad expansion (a membranous tballus), supported on a 
stalk; organs of reproduction consist of sporocarps and antheridi^ con- 
tained in conceptacles opening externally (fig. 790), which are united in 
club-shaped expansions or receptacles, situated at the end or margins of the 
fronds (figs. 788, 789). In germinating, the nucleus bursts the cpispore or 
outer covering of the spore, and sends out filamentous processes. 

3. Floridem or Ceramiacem : rose or purple-coloured sea-weeds, with fronds 

formed of a single row of articulated cells, or of several rows of cells com- 
bined into a flat expansion ; organs of reproduction consist of sporocarps or 
perispores, intermingled with clavate filaments called antheridia. The 
sporocarps contmn cells or spores often divided into four (tetraspores), and 
enclosed in conceptacles of various kinds. 

4. Oonfervacem : aquatic plants often of a green colour, consisting of one or 

more cells of a rounded or eylindrical form, united together so as to form 
an articulated or flat frond. They increase by the merismatic division of 
cells. Reproduction effected by spores which are formed in the interior of 
the cells by a change in the arrangement of the granular matter, or by the 
union of maments of different plants, a process of conjugation, by which 
granular matter passes from one to the other. The spores are discharged 
by the opening of the cells, and they often have moving cilia (figs. 431- 
434). 

5. Diatomacem : inhabiting still waters and moist places ; fronds consisting of 

frustnU^rfiragmenti^ which are either angular or cylindrical, often siliceous 
and (non-siliceons in Desmidiese), united by a gelatinous sort of 
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substance; propagated hj the division of parent cells mto two halves, which 
become more or less completely detached, and form new individuid& 
Conjugation also takes place in some instances, in the same way as in the 
ConfervacesB. 

The order Alga3, exclusive of Charace©, has been divided by Har- 
vey as follows : — 

1. Melanospermeos : plants of an olive-green or olive-brown colour, and cellular 

or filamentous structure ; growing in the sea. Fructification contained in 
definite capsules or receptacles, or in distinct sori. Seeds dark-coloured. 

2. Bhodospermesc : plants usually marine, of a rose-red, purple, or red-brown 

colour, leafy, cylindrical, or filamentous. Fructification usually double; 
the primary contained in capsules, receptacles, or immersed in the frond ; 
secondary, when present, minute granules forming sori, or imbedded in 
distinct receptacles. Seeds red or red-brown, 
a. Chlorospermem : plants growing either in the sea, in fresh water, or in dam}) 
situations ; either filamentous, membranaceous, or shapeless ; cither colour- 
less, or (owing to the presence of an internal, granular, sporular mass) of 
a grass* green, very rarely purple or red colour. Fructification, green or 
purple sporules, either filling the frond or collected into sporidia, rarely 
contained in external capsules. 

4. Diatomacese : as already defined above. 

lindley enumerates 283 genera, including about 2000 species. Exam- 
ple's — Ohara, Nitella ; Fucus, Sargassum, Laminaria, Padina, Ectocur- 
pus, Bryopsis; Ceramium, Delesseria, Hhodymenia, Chondius; Con- 
ferva, Ulva, Oscillatoria, Palmella, Protococens; Diatoma, Hoinceo- 
eladia, Desmidium. 

1 1 29. The plants of the order are widely distributed over the globe, 
being found in salt and fresh water, in moist places, as on damp rocks 
and stones, and the glass and pots of hothouses, and even in hot 
springs. Sometimes tlicy present collectively the appearance of green 
slime. Tliey derive nourishment chiefly from tlio medium in which 
they grow ; and the root-like processes with which some of them are 
provided, seem to be merely for the purpose of fiidng them. Some of 
the species are very gigantic, others very minute, requiring the sud of 
the microscope for their detection. The lowest members of the order 
approach very nearly to the lowest tribes of animals, and it is difficult 
to draw a line of demarcation. Many species now considered vegetable, 
such as Cvrallina officinalis and many Diatonuicece^ are figured as 
animals by Ehrenberg. There are interesting movements connected 
with the cells of many Algae, such as GsdUatona and Nostoc, Some 
the species found in the ocean have conspicuous stems, whiclj 
.sometimes present the appearance of zones in their interior (1[ 106). 
Among the large-stemmed species may be noticed DurviUea uUlis 
and Lessonia fuscescens, Scyiosiphm (Chorda) FUum attains in the 
British seas a length of 30 or 40 feet, while Macrocystis pyrifera 
in the Pacific ocean reaches the length of 600 to 1500 feet. Some 
of the Laminarim of Britain have stalks of considerable size. Sar- 



goimm Gtitf-weed, is found fleeting in great quau, 

td^ on Sfwifo ride of the equator in the Atlantic, Pacific, ^d Indian 
ooeans. jProftococous nhaUs and rinriw are srid to occur in red and 
^reen snow* The red and green coloura of certain lakes and seas 
: are attrihut^ to q)edes of Trichodemium and Spheerozyga, Ac- 
oeriding to Dr. Joseph Hooker, DktkimacecB are found in countless 
niunbers between the paraUe(L5 of 60® and 80® 8., where they ^ve 
a colour to the sea, and also to the icebergs floating on it. The 
death of these bodies in the South Arctic ocean is producing a sub- 
naiaiine deposit, consisting entirely of the siliceous particles which 
entered into the composition of these plants. Cmfeh}a cri^, called 
Water-flannel, forms beds of entangled filaiuents on the surfece of 
water. Species of Tyndairidea also occur in thick green patches. Hy- 
drodictyon uiricuiatam^ Water-net, has the appearance of a^green net, 
composed of filaments which enclose pentagonal and hexagonal spaces. 
AcMya preUferety and other Confervss, are developed occasionally on 
living animals, such as on the gills of the gold-fish and of trout. Cer- 
tain organisms have been detected in the human stomach, wliich appear 
to belong to this order. One of these is called Sarcimla vmtrimli by 
Goodsir, and was ejected by vomiting in a case of pyrosis. It consists 
of square cells united together in sets of four, and propagating by 
division. 

1130. The plants of this order supply a quantity of gelatinous mat- 
ter, and many of them are used for food. Kelp is obtained by the 
burning of Sea-weeds, and iodine is procured from them. Sphm'ococ- 
cm (^CJwndrus) enspus^ Carrageen or Irish Moss, supplies a nutritious 
article of diet. Wiodymmia palmata^ Dulse, Alnria esculenta, Iridcra 
eduUs^ young plants of Laminaria digitata and sacchxmna^ Tangle, as 
well as various species of Porphyra^ Laver, and Ulva^ Green Laver, 
are esculent. The edible swallows’-nests of the East are said to be 
formed of a species of Galklium. Spharococcas cartilagineus^ var. seta- 
cmis, is used in China as a substitute for these nests. Agar-agar is a 
sea-weed of a similar kind. Nostoc edule is used in China as an article 
of food. The use of burnt sea-weed, in cases of scrofulous swellings, 
has been superseded by the discovery of iodine, the active ingredient. 
Plocarta [Gigartma) Ilelminthocorton, under the name of Corsican 
Moss, was formely used as a vermifuge. The Charas have frequently 
a peculiarly fetid odour, and their presence is said to give rise to 
malaria. Occasionally they communicate their odour to the water of 
reservoirs, and render it unpleasant. It is of importance for Water 
Companies to see that Charas do not exist in the streams which supply 
the water foff their reservoirs. 

the subject of Classification, the arrangement and char- 
orders, and the properties of plants, the student should con- 
si^i Lind)i^l Vegetable Kingdom. 



PAET III 


GEOGRAPHICAL BOTANY, OR THE DISTRIBUTION OP PLANTS 
OVER THE GLOBE. 


1131. Tras department of Botany treats of the manner in winch 
j)lant5 .ire affected by climate and station, and endeavours to mvesti- 
gate the conditions under which particular families, or species of plants, 
are confined to certain zones of latitude and altitude. It is a subject 
of groat interest, and one which cannot be prosecuted with success until 
the vegetation of the globe is more fully known. So long as there are 
vast tracts of continents unexplored by botanical travellers, the facts 
ui)on which Botanical Geography is founded must be imperfect 

I.— EPIRRllEOI/XtY, OB THE INPI.TJENCE OF VABIOU8 EXTBBNAI., 
AGENTS OH PLANTS. 

1132, It is a matter of common observation, thiit the localities and 
soils in which plants grow vary much. Thus, some species grow in 
the shade, while others thrive best in fiiU exposure to light; some 
grow in moimtainous or alpine districts, while others prefer the plains ; 
some are found in dry, others in marshy places ; some are submersed 
in lakes or in the sea; while others live on muddy banks, or on 
sandy shores. The plants growing on a granitic or micaceous soil differ 

Cfiuently from those found on trap, limestone, or sandstone. It is 
equally well known tliat climate exercises a powerful influence on ve- 
getation, modifying the Floras in different regions of the globe. Some 
plants are fitted to bear tlie rigour and duration of an arctic winter, 
with a moderate summer heat, others reqiure tlie heat and light of the 
torrid zone ; and between these two extremes, there are all varieties 
of gradation. Thus vegetation extends over the whole globe, from one 
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pole to the other — ^from the summit of the highest mountaias to the 
bosom of the ocean. Palms, Bananas, Tree Ferns, and Orchideous 
Epiphytes, are chiefly confined to the tropics ; Cruciferous and Um- 
belliferous plants are found intemperate regions; some Coniferous and 
Amentaceous plants flourish in more northern countries, while Saxi- 
frages and Lichens extend to the arctic regions. In warm regions are 
found those fruits which are so necessary for the well-being of the in- 
habitants; in temperate climates chiefly, occur the cereal grains lor 
the food of man, and the green pastures for the nourishment of cattle; 
and in the arctic regions, the lichen, on which the reindeer feeds, 
grows luxuriantly. 

1133. The number of known species of plants amounts to about 
100,000. The following is an estimate of the known species of plants 
on the globe at difierent dates : — 


LinnoMis, : 

.. 1753 

5,323 Phanerog. 

615Crvptog. 5,938 

Persoon 

.. 1807 

. 19,949 — 

6,000 

— 25,949 

Steudel, 

.. 1824 

. .39,684 — 

10,965 

— .50,649 

Stcudel, 

.. 1841 

. 78,000 — 

13.000 

— 91,000 

Steudel, 

.. 1844 

. 80,000 — 

15,000 

— 9.5,000 

In 1846, Lindley gave the following estimate of known genera 

species : — 





Thallogens,.... 



8,394 Species. 

Acrogens,..,.. 


310 

— 

4,086 — 

Ehizogens, 


21 

— 

53 — 

Endogens 



— 

13,684 — 

Dictyogens, ... 


17 

— 

268 — 

Gymnogens;, ... 


37 

— 

210 

Exogens, 


6,191 

— 

66,225 — 


Total,,, 

8,935 


92,920 


Much yet remains to be done in regard to the Floras of India, China 
Africa, New Holland, and South America. Meyeii conjectures that 
the total vegetation of the globe may be about 200,000 species. 

1134. The distribution of species over different quarters of the globe 

is regulated by various external agents, the study of which is termed 
Epirrheology I influence). These agents are chiefly tem- 

perature and moisture, and the nature of the soil. The effects pro- 
duced on plants by increase or decrease of light, and by changes in 
the state of the atmosphere, have not been sufficiently determined. 

1. — Effects ob Tbmperatuub. 

1135. The effects of this agent must be considered both as regards 
^ts latitudinal and its altitp^^nal ranges. In proceeding from the equa- 

the poles, or in a^KSiiding from the surface of the ocean to the 
sUmimt of a lolly mountain, there is a gradual decrease of temperature. 
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and, at the same time, marked changes in the nature of the vegetation. ' 
The scale of atmospherical temperature serves as a scale for the pro- 
gress of vegetation. As regards the latidudinal distribution of heat, 
the globe has been divided into eight regions, four northern and four 
southern — viz., a tropical region, from the equator to the limits of the 
tropics in each hemisphere; subtropical, between this and 40^ of lati- 
tude; temperate, between 40® and 60® of latitude; arctic and antarctic, 
beyond 60® of latitude. 

1136. Each species of plant is adapted to thrive best between certain 
limits of temperature. These limits do not necessarily coincide with 
any definite parallels of latitude ; for it is well known that the climate 
of different places in the same latitude is very different. It is of im- 
portance, therefore, to ascertain the meaA temperature of the year, or 
rather of different seasons. By drawing lines through different places 
where the mean annual temperature is the same, Humboldt has estab- 
lished a series of isothermal equal, and Biffin, heat,) lines inter- 
secting the paraUels of latitude. Tliese lines run in curv’^es, which rise 
in their course from the ejistem coast of America towards western 
Europe, and sink towards the south in the interior of the continent, — 
and that so quickly, that Scotland lies in the same isothermal line as 
Poland, and England as Hungary. It is clear, therefore, that the 
isothermal lines in the higher latitudes do not, by any means, corre- 
spond with the parallels of latitude. At the equator, however, these 
lines coincide more nearly. Much depends upon the temperature of 
the different seasons. Thus, a place which has a very cold winter, 
and a very warm summer, may be in the same isothermal line with 
one in which the temperature of both these seasons is moderate, and 
]>lants which succeed well in the one may not grow in the other. 
Cherry-laurels and other Evergreens, which grow well in the open 
air in England, will not stand the winter of places on the continent in 
the same isothermal line. It is necessary, in determining the geogra- 
phical distribution of plants, to take into account the mean summer 
and the mean winter heat, and, better still, the mean monthly temper- 
ature. The distribution of temperature among the different months 
of the year is of importance, especially in reference to the heat and 
duration of the summer months; for many plants, protected by a 
tiovering of snow, are enabled to brave Tigorous winters, provided the 
summer be hot enough, and of sufficient duration. Lines passing 
through places having the same me^n summer temperature are called 
isotheral (fffor, equal, and summer) ; those passing through places 
with an equal mean winter temperature, are isocheimonal 
winter). The isocheimonal lines in the interior of continents bend 
considerably towards the south. The isotheral Jines bend to the north, 
but in the interior of continents they approach the parallels of latitude. 
Many circumstances conspire to influence the temperature of countries. 

2 o 
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TEMFERATUBfi IN RESPECT TO ALTITUDE. 


Insiilar and coast climates are more equable, from the effect of the sea 
in preventing the atmosphere from being much heated during the day, 
and much cooled during night. In the interior of vast continents the 
eictremes of temperature are often great. Winds have a powerful effect 
on climate. In China, the north-east monsoon brings great cold in 
February. The state of a country as regards forests, has a decided effect 
on the temperature. In different quarters, the nature of the exposure, 
also, whether to the east or west, north or south, and the intervention 
of elevated ranges of mountains, materially affect the temperature. 

1137. Temperature, in its hypsometrical altitude, and 
measure,) relation, or as regard its altitudinal range, requires to be 
considered. In ascending into the atmosphere, a decrease of tempera- 
ture is observed, which varies in its amount at different stages of ascent. 
The following table shows the temperature at different heights in the 
equatorial and temperate zones: — 


Height Equal. Zone. Tenq). Zone. 

In feet. Lat 0°- 1()0 Lut. 4'i«-47‘^ 


0 

3,197 

6,394 

9,591 

12,789 

15,985 


S1°.50F. Mean. r)3°.60 F. 

71 .24 41 .00 

64 .40 31 .64 

57 .54 23 .36 

44 .60 
37 .70 


Taking an average, it may be said that there is a fall of 1° in the 
thermometer for eveiy 340 feet of ascent. Prof. Forbes stiite.s that 
549.5 feet of ascent give a difference of 1® of the thermometer in the 
boiling point of water. The elevation at which constant frost takes 
place is called the snow-line or line of perpetual congelation. Its 
limit does not exactly correspond with the height at which the temper- 
ature is equal to 32° F. The following table gives the height of th<^ 
snow-line (in feet) at different latitudes ; — 


Lat. 

Height of 
Snow Line. 

1 Lat. 

Height of 
Sth)w Line. 

0 


50 


5 

15,095 

55 


10 

14,220 

60 


15 

65 

2,722 

20 


70 

1,778 

25 


75 


30 

11,484 

80 


35 


85 

117 

40 

45 

9,001 

7,671 

90 

0 


The decrease of temperature on lofty moimtains regulates, in a great 
the nature of the plants which grow at different heights. The 
f i^anges take place as have been shown to occur in proceeding 
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from the equator to the poles. The following observations made on 
the growth of certain trees on the Grimsel, show the relation between 
height and latitude: — 


Lat 

Beech, which extends to 60 ® 
Oak- - 61 ° 

On the Grimsel. 
arrows about the height of 3000 feet. 
2600 — 

Fruit Trees, 



Hazel, 


Norway Spruce, 

......67® 40' 

.'lOOO — 

Scotch Fir, 

70° 

6000 

Birch ; 

TO® 40' 



2. — Effects of Moistuke. 

1138. Tlie quantity of moisture in the air has a decided effect on the 
distribution of plants. Nothing checks vegetJition more than extreme 
dryness. Hence the barrenness of those hot sandy deserts, which ex- 
hibit only an arid waste, without a single blade of grass to relieve the 
eye of the weary traveller. In warm and dry climates, succulent 
plants occur, with hard epidermal coverings, capable of resisting the 
effects of evaporation and transpiration. Among these may be noticed 
CactaccoB, Mescmbryacem, Euphorbms, and some of the Aloe tribe. 
In the districts of Australia, where a dry climate prevails, miuiy plants, 
such as Proteas, Baiiksias, and leafless Acacias, have hard and dry 
foliage, capable of enduring much drought without injury. In warm 
climates, the effect ol* the dry season on vegetation is very remarkable. 
This season may be said to correspond with our winters. In some 
parts of South America, where no rain falls lor eight months of the 
year, the leaves during the dry season fall, buds are developed in their 
axils, and it is only when the wet season arrives that tlie trees become 
clothed with verdure, and the herbage appears. Forests appear to 
keep up the humidity of the atmosphere in a countr}", and thus have 
a powerful influence on the climate. 

3. — Effects of Soil, Iugot, a»i> other Aguxts. 

1139. The physical localities in which plants grow vary coiisider- 
•'ibly. Tliese variations are connected with the dryness and moisture ol 
the soil, as well as with its mechanical and chemical composition. Somt‘ 
plants are fitted to grow in water, otliers in marshes ; some grow in 
peaty soil, others in sandy soil, llic nature of the soil, whether sili- 
c ‘ous, clayey, calcareous, or saline, has an effect in modifj^ng the vege- 
' ation. Prof. E. Forbes states, that, in Syria, he could easily distinguish 
the serpentine from the limestone, not merely by their geological char- 
acters, but also by the disposition of the arborescent vegetation. On 
the serpentine, usually pines only grew, and never in thick forest masses, 
but scattered; whereas the limevStone bore thick clustered oaks and a 
luxuriant underwood, with now and then clumps of lofty pines. In 
the low countries near the sea, the serpentine was marked by Senecio 
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squalidiis, a little Erophila, and Cheilantlies odora; while on the lime> 
stone, Acrostichiiin lanuginosmn, was a conspicuous fem. 

The following is a division of plants according to the botanical sta- 
tions or physicd localities in which they grow, whether placed then* 
by nature or by art. : — 

A. — Plants growing in Watery whether Salt or Fresh. 

1. Marine Plants, such as Sea-weeds, Lavers, &c., which are either buried in 

the ocean, or float on its surface: also, such plants as and Zostera. In 

the Sargasso Sea there arc floating meadows of Sargassum bacciferumt gulf-weed. 
This sea extends from 22^ to 36" north lat., and from 25" to 45^ west long, 
from Greenwich, and extends over 40,000 square miles. 

2. ' Maritime or saline plants. These are plants which grow on the border of 
the sea, or of salt lakes, and require salt for nourishment, as Salicomia, glass- 
wort, ^kola, saltwort. Anabasis. Such plants are often called Halophytes 
(«Xf, salt, and a plant). Under this head may bo included littoral and 
shore plants, such as Armeno, sea-pink, Glaux, and Samolus. 

3. Aquatic plants, growing in fresh water, either stagnant or running; as 
Sagittaria, arrowhead, Nympheea, water-lily, Potamogetony pondweed, Subidariuy 
awlwort, Utricularia, bladderwort, Straiiotes, water-soldier, Lernnoy duckweed, 
Pistia, ConfervcB, Oscil/atoricsy and Ranunculus fluviaiilis. Some of these root in 
the soil, and appear above the surface of the water; others root in the soil and 
remain submersed; while a few swim freely on the surface without rooting below. 

4. Amphibious plants, living in ground which is generally submerged, but 
occasionally dry, as Ranunculus aquatilis and scehratus, Polygonum amphibiuw. 
Nasturtium amphibium. The form of the plants varies according to the degree 
of moisture. Some of these, as LimoseUa aquaticoy grow in places which arc 
inundated at certain periods of the year ; others, such as Rhizophoras (mangroves), 
and Avicenniasy form forests at the mouths of muddy rivers in tropical countries. 

B . — Land Plants which root in the Earth and Grow in the A tnwsphere, 

5. Sand plants; as Carex arenaria, Ammophila arenaria^ Elymus arenariusy and 
Calamagrostis arenaria, which tend to fix the loose sand, Plantago arenaria. 
Herniaria glabroy Sedum acre. 

6. Chalk plants ; plants growing in calcareous and cretaceous soils, as some 
species of CphrySy Orchis, and Cypripedium. 

7. Meadow and pasture plants ; as some species of Lotusy bird’s-foot trefoil, r 
great number of grasses and trefoils, the daisy, dandelion, and buttercupa 

8. Plants found in cultivated ground. In this division are included man} 
plants which have been introduced by man along with grain ; as Centaurea Cy- 
anusy corn blue-bottle, Sinavis arvensisy common wild mustard, Agrostemmay corn 
cockle, several species of Veronica and Euphorbia, Lolium temulentum, Convolvulu. 
arvensiSy Cichormm Intybus; also plants growing in fallow ground, ns Rume: 

' Acetoselloy Carduus nutans, Echium vutgare, Artemisia campestrisy and Androsaci 
septentrionaUs. In this division, garden weeds are included ; such as Groundsel 
Chickweed, Lamism amplerxcaule, Chenepodium album, and urbicum. 

9. Rock or wall plants; Saxifrages, Wall-flower, Linairia Cymhalaria, Drabt 
muralis, species of ffieracium and Sedum, Aspknium Ruta muraria, and som« 
lichens 'add mosses. 

lOt ' Pbnts/ound on rubbish heaps, especially connected with old buildings 
SoM|i|^ese seem to select the habitations of man and animals, on account c 
oertiM^fltrogenous and inorganic matters, which enter into their composition 
Anlbiig them may be noticed, Nettles, Docks, Borage, Henbane, Xanihium 
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Here, also, have been placed some plants immediately connected with the habi- 
tation of man, snch as Boicodium celUtre, a fnngns found on wine casks, Conferva 
fenestralist an alga produced on window-panes, and Conferva dendrita, one de- 
veloped on paper. Some plants, as Sempervivum tecUrum^ select the roofe of 
houses. 

11. Plants growing In vegetable mould; such as bog-plants, or those growing 
on wet soil, so soft that it yields to the foot, but rises again; and marsh plants, 
growing in wet soil, which sinks under the loot and does not rise. To the for- 
mer class belong such plants as Pinguieula alpina and Primula fariima; to the 
latter, such as Menyanthes, Comarum^ Bidens cemucL 

12. Forest plants, including trees which live in society, as the Oak, the Beech, 
Firs, &c., and the plants which grow under their shelter, as the greater part of 
the European Orchises, some species of Carex and Orobanche. I^me plants es- 
pecially grow in pine and fir-woods, as Linnma horealiSf and some Pyrolas. 

13. Plants of sterile places, found in. barren tracts, by roadsides. This is a 
heterogeneous class, and contains many plants of uncertain characters. Under 
it are included the plants of uncultivated grounds, as those found in moors, where 
CaUuna vulgaris, common heather and various Heaths, Juniper, Andromeda, and 
some species of Polytrichum occur. 

14. Plants of the thickets or hedges, comprehending the small shrubs which 
constitute the hedge or thicket, as the Hawthorn and Sweet-briar; and the her- 
baceous plants which grow at the foot of these shrubs, as Adoxa, Wood-sorrel, 
Violets ; and those which climb among their numerous branches, as Bryony, 
Black Bxyony, Honeysuckle, Traveller's J^, and some species of Lathymts^ 

15. Plants of the mountains, which De Candolle proposes to divide into two 
sections: 1. Those which grow in alpine mountains, the summits of which are 
covered with perpetual snow, and where, during the heat of summer, there is a 
continued and abundant flow of moisture, as numerous Saxifrages, Gentians, 
Primroses, and Rhododendrons. 2. Those inhabiting mountains on which the 
snow disappears during summer, as several species of Snap-dragon, among others 
the Alpine Snap-dragon, Umbelliferous plants, chiefly belonging to the genus 
SeseU, meadow Saxifrage, Labiate plants, &c. 

C . — Plants Groiving in Special Localities, 

16. Parasitic plants, which derive their nourishment from other vegetables, 
and which, consequently, may be found in all the preceding situations ; as the 
Misletoe, species of Orohanche, Cuscuta (Dodder)^ Loranthus, Rafflesia, and 
numerous Fungi. 

17. Pseudo-parasitic plants, or Epiphytes, which live upon dead vegetables, 
as Lichens, Mosses, &c., or upon the bark of living vegetables, but do not derive 
much nourishment from them, as JSpidendrum, Aer^s, and other Orchids, as 
well as TillandsiOf Bromelia, Pothos, and other air-plants. 

18. Subterranean plants, or those which live underground, or in mines and 
caves, almost entirely excluded from the light, as Byssus, Truffles, and some 
other ciyptogamic plants. 

19. Plants which vegetate in hot springs, the temperature of which ranges 
from 80® to 150® of Fahrenheit’s thermometer; as Vitex Agnus’^eastus, and 
several ciyptogamous plants, as Ulva thermalis, the hot-spring Laver. 

20. Plants which are developed in artificial infusions or liquors, as various 
kinds of Mucor, causing mouldiness. 

21. Plants Rowing on living animals ; as species of Spliasria and Sarcinula, 
and various other Fungi and Algae. 

22. Plants growing on certain kinds of decaying animal matter; such as species 
of Onygen^ found on the hoofs of horses, feathers of birds, &c., some species of 
Fungi, which grow only on the dung of animals, and certain species of Sptaehnum, 
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1140. Light is an agent that has a powerful influence on plants, 
as regards their vigour, irritability, secretions, and colour. Hence, in 
those regions where the light is intense, the vegetation presents certain 
peculiarities. The luxuriance and greenness of the leaves, the nature 
of the woody matter deposited, of the fruit produced, and of the secre- 
tions formed, are all influenced in some degree by the intensity of the 
sun’s rays. Little is known in regard to the effects of increased or 
diminished atmospheric pressure on plants. The effects of the atmo- 
sphere have been studied chiefly as regards dryness and moisture, and 
the mixture of certain gases wi^ it, especially in the vicinity of manu- 
facturing towns (IT 297). 

1141. The effects of climate and season on the leafing, flowering, anil 
fruiting of plants, may be seen in the case of some species which an* 
found distributed over various countries in Europe. Berghaus has 
made an extensive series of observations on the subject. The Lilac 
(Seringa vulgaris)^ according to him, unfolds its leaves at Naples, in 
latitude 41®, during the first half of the month of January; near Paris, 
in latitude 49®, on the 12th March. The Elder unfolds its leaves 

At Naples, January 1 — 15. 

At Paris,.. February 14. 

In England, March 8. 

'At Upsal, March 1 — 8. 

The Beech unfolds its leaves 

At Naples, End of March. 

In England, 1st May. 

At Upsal, Beginning of May. 

In regard to flowering, Berghaus states, that in the middle latitudes 
of Europe and North America, it is generally four days later for each 
degree of latitude towards the north. The same plants flower at, 
Zurich 6 days later than at Parma; at Tubingen, 13 days later; at 
Jena, 17; at Berlin, 25; at Hamburgh, 33; at Greifswald, 30; and 
at Christiania, no less than 52 days later than at Parma. In the Berlin 
district, an elevation of 1000 feet renders vegetation 10 to 14 da}'s 
later: so also in regard to fruiting. The wheat harvest begins 

At Naples, In June. 

In Central Germany, July. 

In the South of England, August. 

Ripe Cherries are .to be had 

At Naples,..] First days of May. 

At Paris, End of June. 

Inu&ntral Germany, do. 

litPie South of England, 22d July. 

IL— DISSEMINATION OF PLANTS. 
l.L. A gents employed in theib Dissemination. 

■2. Some plants are disseminated generally over the globe, while 
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Others are confined within narrow limits. Some of the common weeds 
in Britain, such as Chickweed, Shepherd^s- purse, and Groundsel, are 
found at the southern extremity of South America. Lemna minor and 
trisulca. Convolvulus sepium, Phragmites communis, Cladium Maris- 
cus, Scirpus lacustris, Juncus efiusus, and Solanum nigrum, are stated 
by Meyen to be common to Great Britain and New HolWd. Nas- 
turtium ofiicinale, and Samolus Valerandi, are very extensively difiused, 
and they may be reckoned true cosmopolites. They are both natives of 
Europe, and they occur, the former near Eio Janeiro, the latter at 
St. Vincent. The lower the degree of development, the greater seems 
to be the range. Some Cryptogamic plants, as Lecanora subfiisca, are 
foimd all over the world. Man has been instrumental in diflftising 
widely culinary vegetables, such as the potato, and the cereal grains, 
jis well as many other plants usefiil for food and manufacture. Corn 
plants, such as Barley, Oats, Kye, Wheat, Spelt, llice, Maize, and Millet, 
are so generally cultivated over the globe, that almost all trace is lost of 
their native country. They can arrive at perfection in a great variety 
of circumstances, and they have thus probably a wider geographical 
]’ange than any other kind of plant. As regards tliese plants, the 
globe may be divided into five grand regions — ^the region of Rice, 
which may be said to support the greatest number of the human race; 
the region of Maize; of Wheat; of Rye; and lastly, of Barley and Oats. 
The first three arc the most extensive, and Maize has the greatest 
range of temperature. The grains extending fexthest north in Europe 
are Barley and Oats. Rye is the next, and is the prevailing grain in 
Sweden and Nonvay, and all the lands bordering on the Baltic, tlie 
north of Germany, and part of Siberia. Wheat follows Rye; it is 
cultivated in the middle and south of France, England, part of Scot- 
land, part of Germany, Hungary, Crimea, and the Caucasus. We next 
come to a district where wheat still abounds, but no longer exclusively 
furnishes bread, rice and maize becoming frequent. To this zone 
belong Portugal, Spain, part of France, Italy and Greece, Persia, Nor- 
thern India, Arabia, Egypt, the Canary islands, &c. \^eat can be 
reared wherever the mean temperature of the whole year is not under 
37® (5r 39® F., and the mean summer heat, for a period of at least three 
or four months, is above 55®. It succeeds best on the limits of the 
subtropical region. In the Scandinavian Peninsula, the cultivation of 
Barley extends to 70® north latitude. Rye to 67®, and Oats to 65®. 
The cultivation of Rice prevails in Eastern and Southern Asia, and it 
is a common article of subsistence in various coimtries bordering on 
the Mediterranean. Maize succeeds best in the hottest and dampest 
parts of tropical climates. It may be reared as far as 40® north and 
south latitude on the American continent on, the western side, while 
in Europe it can grow even to 50® or 52® of latitude. It is now cul- 
tivated in all regions in the tropical and temperate zones, which are 
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colooized by Europeans. Millet of different kinds is met with in the 
hottest parts of AMca, in the south of Europe, in Asia Minor, and in 
the East Indies. Henslow gives the following table to show the range 
of Wlieat and Barley, and ihe mean temperature required for them: — 


Lat 


Winter 

Summer 

Annual 




Mean. 

Meaai. 

Moan. 



62i 

Feroe, 


51® 

46®"1 



70 

67^ 

Lapland, 

Bussia, 

22 

9 

46 

33 1 

y Barley. 
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Siberia, 



32 J 



58 

Scotland, 

36 


46 1 

1 1 


64 

Norway, 



39 1 

1 


62 

Sweden, 

Bossio, 

23 

f>9 

39 1 



604 

15 


37 J 

1 

^ Wlieat. 

so 

Cairo, 





22 

Macao, 



73 1 



22 

Bio Janeiro,... 


78 




23 

llavannab...... 

Bourbon, 



77 



21 

71 



> 



Winds, water, and animals, are also instrumental in disseminating 
plants. Many seeds with winged and feathery appendages are easily 
wafted about; others are carried by rivers and streams, and some can 
be transported by the ocean currents to a great distance, with their 
germinating powers unimpaired. 

2. — Genesal and Endemic Distribution of Plants. 

1143. While some plants arc generally diffused, it is found that the 
different quarters of the globe are each characterized by more or less 
distinct floras. Europe, Asia, Africa, North America, South America, 
and Australasia, may be regarded as separate provinces of the vege- 
table kingdom, possessing species, genera, and families of plants, which 
give to each division its distinctive features. Humboldt and Boii- 
pland, in their travels in equinoctial America, did not see an exogen- 
ous plant which was found equally in the New and the Old World; 
the only plants which they discovered common to both being some 
grasses and sedges. Among 4,160 species met with in New Holland 
by Brown, 166 only were to be fotmd in Europe. 

1144. Some plants live in society, occupying exclusively large tracts 
of ground, from which they banish all other vegetables. These are 
called by Humboldt Social plants. They give a peculiar feature to the 
countries and districts in which they grow. To this class belong many 
species of Seaweed in the ocean; Cladonias and Mosses in the waste 
levels of Northern Asia; Grasses (Bamboos), and some Cactuses, Man- 
groi?^ and Avicennias in tropical countries; Ferns in the South Sea 
Islands; Banksia speciosa in New Holland; Cinchonas in certain parts 
of South America; Coniferous trees and Birches in the Baltic and 
Siberian plains. 
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1145. Some plants are very much restricted in their distribution 
over the globe ; a few are confined to single localities, while others 
have a limited longitudinal range. The species of the genus Erica, 
Heath, which extend firam northern regions to the Cape of Good Hope, 
are scattered over a surface very narrow compared to its length ; in 
other words, while their latitudinal range is great, their longitudinal 
range is very much restricted. Calceolarias occur chiefly on the wes- 
tern side of the Cordilleras of Chili Lobelia Dortmanna is found princi- 
pally in the western countries of Europe. Camellias are also limited 
in longitudinal direction, so also Phalangium bicolor, and Eaymondia 
pyrenaica. Arbutus Unedo, Erica mediterranea, and Menziesia poli- 
folia, whose chief seat is in the Pyrenees and the mountains of 
Asturias, migrate in a north-westerly direction, and appear in Ireland. 
It is said that Azaleas, Rhododendrons, Magnolias, Yacciniums, Actseas, 
and Oaks, which form prevailing genera on the east of the Rocky 
Mountains, scarcely appear on the western side. Epacridacese are 
confined to New Holland; Cinnamon, Cloves, and Nutmeg, are the 
produce of the Indian Archipelago ; Gentians and Saxifirages, form a 
characteristic feature of the European Alps ; Bejarias and Cinchonas 
of the Peruvian Cordilleras ; Schizanthuses of Chili ; Polemoniace® c£ 
California and Oregon; yellow and brown Papilionacese of Australasia; 
Disa grandiflora is a rare orchid peculiar to Table Mountain at the 
Cape of Good Hope ; and Pringlca antiscorbutica is a cruciferous plant 
peculiar to Kerguelens-land. It is said that Origanum Toumefortii 
is found only on a small island in the Grecian Arcliipelago. The 
vegetation of islands removed from continents presents often peculiar 
features, the ocean acting as a barrier to the dissemination of plants. 
The island of St. Helena was originally inhabited by a most peculiar 
vegetation, although its productions now are completely changed by 
the destruction occasioned by cattle, and by the introduction of Euro- 
pean and other plants, especially fruit trees. Such may also be said 
of the plants found in the Sandwich Islands, the Society Islands, and 
the Canaries. The island of Madeira has 672 Phanerogamous plants, 
of which 85 are peculiar to it. 

3. — Conjectures as to the mode in which the earth was originally 

CLOTHED with PLANTS. 

1 146. It is an interesting question to determine the mode in which 
the various species and tribes of plants were originally scattered over 
the globe. Various hypotheses have been advanced on the subject. 
Lin^us entertained the opinion, that there was at first only one primi- 
tive centre of vegetation, from which plants were distributed over the 
globe. Some, avoiding all discussions and difficulties, suppose that 
plants were produced at first in the localities where they are now seen 
vegetating. Others think that each species of plant originated in, and 
was (Mused from, a single primitive centre, and that there were numer- 
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ORS such centres situated in different parts of the world, each centre 
being the seat of a particular number of species ; they thus admit great 
vegetable migrations similar to those of the human races. Those who 
adopt the latter view, recognise in the distribution of plants some of 
the last revolutions of our planet, and the action of numerous and 
varied forces which impede or favour the dissemination of vegetables 
in the present day. They endeavour to ascertain the primitive flora 
of countries, and to trace the vegetable migrations which have* 
taken place. Daubeny says, that analogy fevours the supposition 
that each species of plant was originally formed in some particular 
locality, whence it spread itself gradually over a certain area, rather 
than tliat the earth was at once, by the fiat of the Almighty, 
covered with vegetation in the manner we at present behold it. The 
human race arose &om a single pair, and the distribution of plants 
and animals over, a certain definite area, would seem to imply that 
the same was the general law. Analogy would lead us to believe, 
that the extension of species over the earth originally took place on 
the same plan on which it is conducted at present, when a new island 
starts up in the midst of the ocean, produced either by a coral reef or 
a volcano. In these cases the whole surface is not at once overspread 
with plants, but a gradual progress of vegetation is traced from the 
accidental introduction of a single seed, perhaps of each species, wafted 
by winds, or floated by the currents. The remarkable limitation of 
certain species to single spots on the globe, seems to favour the suppo- 
sition of specific centres. Professor E, Forbes says, the hypothesis of* 
the descent of all the individuals of a species, either from a first pair or 
from a single individual, and the consequent theory of specific centres 
being assumed, the isolation of assemblages of individuals from their 
centres, and the existence of endmiic or very local plants, remain to b(' 
accounted for. Natural transport, the agency of the sea, rivers, and 
vrinds, and carriage by animals, or through the agency of man, arc 
insufficient means in the majority of cases. It is usual to say, that the 
presence of many plants is determined by soil or climate, as the case 
may be ; but if such plants be found in areas disconnected from their 
centres by conriderable intervals, some other cause than the mere in- 
fluence of soil or climate must be sought to account for their presence. 
This cause he proposes to seek in an ancient connexion of the outposts 
or isolated areas wilh the original centres, and the subsequent isolation 
of the former through geological changes and events, especially thosi^ 
dep^dent on the elevation and depression of land. Selecting the flora 
of the British inlands for a first illustration of this view. Professor 
ForbeJi calls attention to the fiict, well known to botanists, of certain 
species of flowering plants being found indigenous in portions of that 
area, at a great distance from the nearest assemblages of individuals of 
the same species in countries beyond it Thus, many plants peculiar 
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ill the British flora to the west of Ireland, have the nearest portion of 
their specific centres in the north-west of Spain; others, confined wi^ 
us to the south-west promontory of England, are, beyond our shores, 
found in the Channel Isles and the opposite coast of France ; the vege- 
tation of the south-east of England is that of the opposite part of the 
continent ; and the Alpine vegetation of Wales and the Scotch High- 
lands is intunately related to that of the Norwegian Alps. The great 
mass of the Briti^ flora has its most intimate relations with that of 
Germany. He believes, therefore, that these isolated outposts were 
formerly connected together by chains of land, and that they have 
been separated by certain geological convulsions. Islands may be 
(considered as the remains of moimtain chains, part of the flora of which 
they still exhibit, and the further they are from continents, the more 
likely are the plants to be peculiar. 

1 147. AU the vegetable productions of the globe are distributed 
according to harmonious laws, which are by no means fully developed. 
The greater number of families is distributed over the whole globe ; 
individual representatives of the groups appearing in different regions. 
The regions of the globe, as regards their vegetable productions, are 
related either in the families, the genera, or the species of plants 
which they produce. By families^ Hmds remarks, the most distant or 
general resemblances are established, constituting analogy. One family 
may occupy the place of another in certain i*egions. Thus, the Me- 
sembryacesB of South Africa arc represented in America by Cactaceae; 
and in the south of Europe, only by a few species of Sempervivnm and 
Sedum. By genera^ a closer approximation is established — ^that of 
affinity. The Cistuses of Spain and Portugal are represented by the 
llelianthemum of the north of Europe ; and the genera of Abies and 
Pinus, in arctic and temperate regions, have their representatives in 
the genera Araucaria, Ephedra, and Dammara of the south. By 
species again, the most perfect accordance of characters or identity is 
established. 

1148. Meyen states, that the species of a genus, and genera, and 
natural orders, proceed from a point, and range themselves round it in 
(joncentric circles, or spread out from it like rays in all directions ; or 
are distributed in belts of greater or less breadth, which are parallel to 
the meridians, or to the parallels of latitude. A genus or fenily pre- 
dominates in certain regions, and attams its maximum there, while in 
others it is at its minimum. Hence, regions are distinguished by the 
names of plants which attain their maximum there. Palmas, Mu- 
saccaa, Piperacca3, and Scitamineae, attain their maxiiAum in the torrid 
zone, although representatives of them extend to high latitudes, or to 
the temperate zone. Thus, the Palm called ChamsBrops humilis is 
found in 49® north latitude. The Ericaceae of the old world have thdr 
maximum in the south of Africa. A single form, Calluna vulgans. 



F^)r8iOGi^isar of vi!Gwi:axion« 

ocmmoii H^tiber, is predommaiDt in tihe north ; and a shrubby species, 
Eri(^ arborea, represents the order in the south of Europe. Acacias 
attain ihear . maximum in New Holland, while Acacia heterophylla 
reprpents the family in the Sandwich Islands: The Lauraces^ of the 
tropics have Laurus nobihs as their representative in Europe. 

4. — ^DlSTBlBUTlON OF PLANTS GONBIDEBBD FbTBIOGNOMIQALLT AND 
STATISnCALLT. 

1149. The distribution of plants over the globe may be considered 
either Phydogrwfnically^ as regards the prevalence of certain vegetable 
forms which give a general character to the landscape of a country ; 
or SUiUsticaUy^ as regards the numerical proportion which different 
groups bear to each other, or to the whole known plants. 

1150. PliyalogBoinL7 of Tcgetatlon. — ^In prosecuting this department 
of ^tanical geography, it is necessary to specify those vegetable forms 
which give a character to the landscape. This has been done more 
especially by Meyen, who gives the following series : — 

1. Gramineous or Grassy Form. This is illustrated in northern countries 
by meadows and pastures. The cereal grains also have a great influence on 
the aspect of countries. Under this form are includckl Cyperaceae, Bestiaceob, 
and Juncacesc. In the torrid zone some arborescent forms occur, as Bamboo ; 
and along with these are associated Sugar-cane and Rice. Barley is an extra- 
tropical form, while Carex extends to cold regions. 

2. Scitamineous Form. This includes the Ginger, Arrow-root, and Plantain 
family, some of which attain a large size. They contribute to give a character 
to the torid zone. 

3. Fandanus or Screw-pine Form. A tropical form illustrated by Screw- 
pines and Dracsenas. 

4. Pine-apple Form. Illastrated by the Bromeliacea^ of warm climes. 

5. The Agave or American Aloe Form. Chiefly tropical and subtropical. 

6. The Palm Form. Under this are included also the Cycadaceons family. 
They ^ve a character to the hotter regions of the globe. Some of the Palms 
are social, as the Date and Coco-nut Chammrops humilis represents this form 
in Europe. 

7. Filic^ or Fern Form. True Ferns, in an especial manner, affect the 
landscape in tropical and warm regions. 

6. Mimosa Form. This includes Leguminous plants in general. The finely- 
cut foliage ^ of some has a resemblance to Ferns. Modifications of Uiis form 
occur both in warm and cold regions. Acacias in New HoUand give a peculiar 
feature to the landscape. 

9. Coniferous Form. The Abietinesc are characteristic of northern regions, 
and the Cupressine® of southern. 

10. The Protea, Epacris, and Erica Forms. These forms supply the place of 
Conifer® in the southern hemisphere. The Protea and Epacris forms occurring 
in Australasia, and the Erica form at the Cape of Good Hope. 

11. Myrtle Form. Some of these, 8uc& as Melaleuca and Eucalyptus, char- 
i^erize New Holland sceneiy ; others, as Gnavas, are tropical 

" 12. Forms of Dicotyledonous trees. I^me with broad and tender leaves, as 
Birch, Alder, Poplar, Oak, Lime, Elm, Beech, and Horse-chestnut, giving a 
character 'to the»pb 3 rBiognomy of the colder half of temperate climates ; while 
others, vrith thick, leathery, and showy leaves, as Olives and Laurels, are char- 
teristic of warmer climates; and a tmrd division, with large, beautiful leaves, 
Cecropia, Artocarpus, and Astrapma, abound in the hottest climates. 
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13. Cactns Fom. This form is developed chiefly in AmericCy ^speciallt In 
Brasil. 

14. Form of Succulent plants. Seen in the MescmbiyacesQ of South Aldea. 

15. Lily Form. This includes Liliacees, Amaiyllidaceae, and tridacese. SEo- 
difications of this form occur in warm and t^perate climates. 

16. Forms of Lianas or 01imbing*plants. These forms are chiefly tropical, 
and are illustrated by Passion-flowers, Paullinias, Aristolochias, and Bauhinias. 

17. Pothos Form. This is a tropical form, and is illustrated by various spe- 
cies of .AraeesB. 

18. Orchideous Form. This is seen in the splendid Epiphytes of warm cli- 
mates. Terrestrial species chiefly occur in cold zones. 

19. The Moss Form. 

SO. The Lichen Form. Both these forms characterize cold regions chiefly. 
Besides the forms of plants, it is found that the prevalent colours 
sometimes give a character to the vegetation. White or pale-coloured 
flowers are said to be more abundant in northern latitudes than in the 
tropics, and in alpine situations they are of more frequent occurrence 
than in the plains. The xanthic series of colours, Hinds states, is 
abundant within the tropics in the autumn, on the plains over the 
mountains. The flowers of the cyanic series, especially intense blues 
and violets, delight in the clear skies of subtropical regions. Hinds 
gives the following tabxdar view of the relative proportion of colours : 


Central America, 

Sandwich Islands, 

Alashka, 

Cyanic. 

12 

26 

Xantliic. 

13 

White. 

7 

11 

California, 




New Guinea, 


23 


Hong-Eong, 





Geyer says, that vivid colours mark the basaltic plains of Upper 
Oregon; blue and purple, eastward; scarlet with golden-yellow, west- 
ward; glaucous green reigns in the herbage over the plains; deep 
saturated green in the Tallies. 

1151. Statistics of Tcactation. — ^The number of known vegetable 
families differs in different latitudes. In examining the distribution 
of the great classes of the Vegetable Kingdom, it be found that 
certain relative numerical proportions have been ascertained. It is 
not easy to estimate the proportion which Cryptogamous bear to Pha- 
nerogamous plants. From data already given, it may be estimated 
that the proportion for the whole world is as 1 to 7. This proportion 
varies in different regions; the Cryptogamous plants mcreasing in 
•.heir proportion in the northern parts of the temperate zone. Ferns 
are to known Phanerogamous plants as 1 to 20. This proportion is 
least in the middle of the temperate zone, and becomes larger towards 
the equator, and towards the poles. Ferns, however, attain their ab- 
solute maximum at the equator, and their absolute minimum in the 
arctic zone. At North Cape, there are only four species of Ferns 
found, and yet their proportion to Phanerogamia is 1 to 7 there,; and 



574 


NATUiUt OBDfiBS IN DIFFEBBNT COtJNTRIES. 


in Greenland, 1 to 10 (Mey^). Humboldt says, that in the torrid 
zone, Monocotyledons are to Dicotyledons as 1 to 6 ; in the temperate 
zone, as 1 to 4 ; and in the arclic zone, as 1 to 3. Monocotyledons 
increase in proportion to Dicotyledons as the latitude becomes higher. 
Some natural orders are very generally diffused, as Leguminosse, Mai- 
vacesD, BammculaccsB, Oaryophyllaceae, Crucifese, and UmbeUiferse. 
Cellular plants have also a wide range, and so have aquatics. Jun- 
cacea3, Cyperaceae, and. Graminea;, increase in proportion to all thc^ 
Phanerogamous plants, as the latitude becomes higher ; while Resti- 
aceae, Leguminosas, Euphorbiaceie, and Malvaceai, decrease. Crucifer®, 
Umbellirerse, and Composite, are highest in their proportion in the 
temperate zone, diminishing towards the equator and the poles. Hinds 
gives the following statement as to certfun families which are almost 
exclusively confined to one of the six great divisions of the globe : — 

In Europe,— Glob nlariace® a section of SeluginaccsQ, Ceratophyllacefe. 

In Asia, — Dipterocarpacesc, Aquilariace®, Canielliace®, Moringacea:, Stilu- 
ginaceoB. 

In Africa, — Brnnlace®, Brexiaccas, Belvisiace®, Penscaceas. 

In North America, — Sarraceniace®. 

In South America, — ^Rhizobolacesc, Monimiaceac, Simai*ubacc;e, Vocbysiacea;. 
Calyceraceac, Escalloniacca:, Hamiriaceo:, Lacistemacese, Papayacese, Gilliesi- 
ace®, Gesnerace®. 

In Australasia, — ^Tremandrace®, Epacridacc®, Goodeniacc®, Stackhousiace®, 
Brnnoniace®. 

He also gives the following list of natural orders, as prevailing in th(; 
northern hemisphere and southern hemisphere : — 

In the northern hemisphere, the following natural orders abound, or are pre- 
dominant: — Acerace®, Anrantiace®, Artocarpe® a section of Urticace®, Amen- 
tacem, Berbcrace®, Boraginace®, Caryophyllaccrc, Cistace®, Crucifer®, Coni- 
fer®, Campanulace®, Caprifoliacc®, Dipsacace®, Eheagnacc®, Fumariace®, 
Grossulariacc®, Hypericace®, Hippocastanc® a section of Sapindace®, Hamame- 
lidace®, Magnoliace®, Onagrace®, Orobancbace®,PapayeTace®, Rosace®, Ranun- 
calace®,RataceaB,Resedace®,Saxifragace®,UmbelUfer®,yacciniace®,Alismacea‘, 

In the southern hemisphere, the following natural orders are predominant: — 
Athcrospeimaoe®, Cactace®, Crassulace®, Capparidace®, Diosme® a section of 
Rutace®, Dilleniace®, Geraniace®, Heliotrope® a section of Ehretiace®, Myrta- 
ce®, Mclastomace®, Mesembryace®, Myoporine® a section of Verbenace®. 
Mdpi^hiace®, Oxalidace®, Pittosporacero, Polygolace®, Protcacc®, Sc®voleie 
a section of Goodeniacc®, Spigele® a section of Loganiacc®, Stylidiace®, Ama- 
ryllidace®, Hmmodorace®, Iridaccse, Restiacc®. 

It is sometimes difficult to tell in what division of the globe a family 
may be said to be chiefiy represented, inasmuch as the species and 
genera are nearly equal in different countries. Wlien a group of 
plants occurs only in one of the six great divisions of the globe, it is said 
to be mmomic (jAoyas, one, and yo^oV, a region). Thus, Vochysiace®, 
being confined tof South Americas is a monomic family; and CMbrtia, 
whose shrubby species are all indigenous to South Afiica, is a monomic 
■genus. Agmn, a natural family, common to all the divisions, is poly ' 
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noTmc; and so also genera, as Viola or Ranimcnltis. If restricted to 
two or more divisions, the groups are diiumic^ tririomc, &c. Acer- 
acece, found in Europe, Asia, and North America, are trinomic. 

5. — PHTTO-GEOGEArHIOAL DIVISION OF THE GlOBE. 

1152. The subject will be considered in two points of view: — 1. In 
respect to the horizontal or latitudinal range of vegetation; and 2. 
In respect to its vertical or altitudinal range. 

1 153. Horlsontal BnnRe of Tcgetatioii. — arious attempts have been 
made to divide the globe into zones or kingdoms, founded on the char - 
acters impressed upon them by the nature of the vegetation. Willde- 
now, Treviranus, De Candolle, Schouw, and Meyen, have each pro- 
posed arrangements. Those of Schouw and Meyen chiefly deserve 
attention. 

1154. Schouw, in his divisions, proceeds on the principle of the 
predominance of certain cliaracteristic forms or families of plants. His 
system is founded on the three following requisites: — 1. That at least 
one-htdf of the known species of plants of that part of tlie earth, consti- 
tuting a botanical region, should be peculiar to it. 2. That one-fourth 
part of the genera of the region should be peculiar to it, or at least, should 
have so decided a maximum as to be only represented in other regions. 
3. That individual families should cither be peculiiir to the region, or 
at least reach their maximum in it. Tlie regions are divided into pro- 
vinces according to minor differences in the vegetation ; one-fourth 
of peculiar species, or some peculiar genera, being sufficient to form a 
province. 

1155. — Schouiu’s Fhyto-Geographic Begions, 

1. The Region of Saxifragacem and Musci^ or the Alpine Arctic 
Flora. — This region is characterized by the abundance of Mosses and 
Lichens, the presence of Scmfr-agacecSj Gentianacece, Caryophyllacece, 
GyperacecB^ Salices; the total absence of tropical families; a notable 
decrease of the forms peculiar to the temperate zone ; by forests of Fir 
and Birch ; the small number of annual plants, and the prevalence of 
perennial species; and finally, a greater liveliness in their simple 
colours. In this region there is no cultivation. The region is divided into 
two provinces: — 1. The province of the Carices, or the Arctic Flora, 
which comprehends all the countries within the polar circle, with some 
j>arts of America, Europe and Asia, which are to the south of it, more 
especially Lapland, the north of Russia, Siberia, Kamschatka, New 
Britain, Canada, Labrador, Greenland, and the mountains of Scotland 
and Scandinavia, mean temperature 36" to 41®. 2. Tlie province of 

Brimulacece and PhytmmcB^ or the Alpine Flora of the south of Europe, 
which embraces the flora of the Pyrenees, Switzerland, the Tyrol, Sa- 
voy, the mountains of Greece, the Appenines, and probably the moun- 
tains of Spain. Mean temperature, 47® to 60®. 
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2. The Eegion of UmbeCUferce and Crvdferm. — ^These tribes are here 
in mudi greater number than in any other region ; Bosacem^ Eanun- 
mhcecBj Fungiy AmentacecBj and Con-^ercBj likewise very numerous; the 
abundance of Carices, and the fall of the leaves of almost all the trees 
during winter, form also important features of this division. It may be 
separated into two distinct provinces: — 1. The province of the Cichor- 
acecBy which embraces all the north of Europe, not comprehended in 
the preceding region, namely, Britain, the north of France, the Nether- 
lands, Germany, Denmark, Poland, Hungary, and the greater part of 
European Eussia. 2. The province of the Aatragaliy Halophytxiy and 
Cpuxtoc^JuilcBy which includes a part of Asiatic Eussia, and the coun- 
tries about the Caucasian and Altai mountains. Mean temperature, 
86® to 57®. The cultivated plants are — Eye, Barley of different kinds, 
Oats, Wheat and Spelt, Maize, Millet, the Potato, Buck-wheat, Apple 
and Pear, Quince, Cherry, Phim, Apricot, Peach, Mulberry, Wabiut, 
Ymdy Gooseberry and Currant, Strawberry, Cucumber and Melon, 
Cabbage, Mustard, Pea, Bean, Beet, Spinach, Carrot, Flax, Hemp, 
Trefoils and Vetches, Eye-grass, &c. 

3. The Eegion of LabiatcB and Caryophyllacemy or the Mediterranean 
Flora. — ^It is distinguished by the abundance of the plants belonging 
to these two orders. ComposttcBy GcUiouieas^ Boraginaceoe also occur in 
considerable quantity. Some tropical families are also met with, such 
as Palms, Laurels, Arojcmy Anmardixwmy grasses belonging to the 
gentis Panicum (millet), and some Cyperojcm. SolxmwzecBy Malvaceae 
LegumimsaSy Urticcbceoe^ and EuphorlmcecB increase. The forests are 
composed diiefly of Ammtacece and Coniferoey as birches, oaks, firs, 
&c., the copses, of Erimceca (the heath tribe,) and Anax:ardimmy as 
the mastich. We meet in this region with a great number of ever- 
green trees. Vegetation never ceases entirely, but verdant meadows 
are more rare. Schouw divides this region into five provinces : — 1. 
The province of the Cistuses, including Spain and Portugal. 2. The 
province of the Salvim and ScahioscBy the south of France, Italy, and 
Sicily. 3. The province of the Shrubby Lahiatmy the Levant, Greece, 
Asia Minor, and the southern part of the Caucasian countries. 4. The 
Atlantic province, the north of Africa, of which he does not yet know 
any distinctive character. 5. The province of Sempervivay the Canary 
Isles, and probably also the Azores, Madeira, and the north-west coast 
of Mricsi ; many SempervimmSy and some Euphorbias with naked and 
spiny stems particuWly characterize this province. Erica arborea^ 
and Pinus canarmtsis are found here. Mean temperature, 64° to 72®. 
Cultivated plants are the same as in the second region, with the addi- 
tion of Eice, Guinea Com, Italian Millet, Fig, Almond, Orange aftd 
Lemon, Watet Melon, Olive, Cotton. Eye and Buck-wheat are only 
cultivated in the mountainous regions. 

4. THie Eegion of Asters and Solidagos . — ^This is marked by the great 
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number of species belonging to these two genera, by the great variety 
of Oaks and Firs, the small number of CrucifercB and UmbellifercB, Ci 
e1u)rajccai^ and CymrocephaloB^ the total absence of the genus Erica, or 
heath, and the presence of more numerous species of Vaccimwn, or 
whortleberry, than are to be met with in Europe. It comprehends 
the whole of the eastern part of North America, with the exception of 
what belongs to the first region. It has been divided into two pro- 
vinces: — 1. That of the south, which embraces the Floridas, Alabama, 
JMississippi, Louishma, Georgia, and the Carolinas. 2. Tliat of the 
north, which includes the other states of Nortli America, such as Vir- 
ginia, Pcmisylvania, New York, <S:c. Mean temperature, 54® to 72®. 
In the northern districts, down to the parallels of 55® or 50°, there is 
no cultivation. South of this line, the cultivation is the same as in the 
second region. Maize is cultivated to a greater extent in North 
America than in Europe. 

5. The liegion of Magnolias, comprising tlie most southern parts of 
North America, between 3G® and 30®. The tropical forms which show 
themselves more frequently than on a similar parallel of the old con- 
tinent, are the chief feature in the vegetation. Thus we meet with 
Ammumi, Sapindojcm, McUmtonuucm, Cactacecr, and Zingiberaceoi, 
This rc'gion has fewer Lalnatoi and Cnn/ophjjllaceai than occur in cor- 
responding latitudes in the Old World. It presents more trees with 
fine blossoms, and shining, sometimes pinnated, leaves, as Mangolia, 
Tulip-tree, Horse-chestnut, Eobinias or False Acacias. Mean temper- 
ature, 59® to 72®. Th<^ same plants cultivated as in the third region. 
Eice Ls much cultivated. In the southern district, the Sugar-cane is 
productive ; and, in tlie eastern districts, Cotton is grown t(^ a great 
extent. 

C. 'Jhc Eegiou of Canielliaceiv and Celmtrtuiece, or the Japanese re- 
gion. — ^This region is as yet too little kno^vn to enable us to determine 
accurately its characteristic features. It embraces the eastern temper- 
ate part of the old continent, namely Japan, the north of China, and 
Chinese Tartary, between lat. 30® and 40® north. Its vegetation ap- 
pciirs to occupy a middle place between that of Europe, and that of 
North America, approaching more to the tropical tlian to the European. 
It has an affinity to the Indian Flora, as shown by the occurrence of 
Jhinauas, Palms, Zingiberaceos, Anoncu^ecs, Sapmdacece, and Cycadmecr. 
We meet with Enobotrya jajmnka or Loquat, Tea, and various species 
of Citrus. Mciui temperature, 54® to 68®. The cultivated plants are 
— ^liice. Wheat, Barley, Oats, Millet, Buckwheat, Apple and Pear, 
Quince, Plum, Cherry, Ax)ricot, Peach, Loquat, Orange and Shaddock, 
Melon, Tea, Hemp, Paper-Mulberry, Cotton, and False Sago. 

7. The Eegion of ZingibGraceas, or the Indijui Flora. — Zingiberacm 
here are much more numerous than in America, as well as LeguminoscB, 
Oucurbitojcece, and TiliacecB, although in a less degree. In consequence 

2 i» 
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of the imperfect state of our knowledge, we cannot subdivide this re> 
gion into provinces. It comprehends India, east and west of the Ganges, 
the island of Ceylon and the south-eastern Peninsula, to the height of 
4,500 to 5,500 feet above the level of the sea. Mean temperature, 65® 
75' to 81® 50'. The cultivated plants are — ^Rice, Coco-nut, Tamarind, 
Mango, Ginger, Cinnamon, Mangosteen, Peppers, Indigo, Cotton, Coffee, 
Bananas, Guava, Orange and Shaddock, Sugar-cane, Cloves, Turmeric. 

8. Tlie Emodic Region, or the Mountains of India. — ^This comprises 
the Alpine region south of the ridge of the Himalaya. It includes Sir- 
more, Gurwal, Kamaon, Nepal, and Bhobxn, to a height of from 4,500 
to 10,700 feet above the level of the sea. Some tropical plants grow in 
the lower parts of the region. Deodar, Firms exceba^ Wehhmna^ and 
other Conlfer'ce^ are met with. Mean temperature, GG® to 37®. Some 
European grains and fhiit are cultivated, along with Mountfiin Rice. 

9. Tlie Region of the Asiatic islands. — ^This includes the mountain- 
ous districts of the islands between the south-eastern Peninsula and 
Austrsdia, to the height of 5,500 feet above the level of the sea. Mean 
temperature 66® to 84®. The cultivated plants arc those of the; 
Indian region (7); also. Breadfruit, Cassava, Nutmeg, Cajuphor, Papaw, 
and Dammar. 

10. The Region of Upper Java. — ^This embraces tliosc districts of 
the island of Java and the islands of the Indian Archipelago, which 
have an elevation of 5,500 feet above the level of the sea. The vege- 
tation of this region has not been sufficiently ascertained. 

11. The Polynesian Region. — ^Iliis includes all the islands of the 
Pacific Ocean Avithin the Tropics. Mean temperature, 72° to 82®. 
The cultivated plants are — P>rcad-fruit tree. Coco-nut, Double Coco- 
nut, Yams, Plantain, Cabbage, Palm, Paper-Mulberry. 

12. The Region of AymridacefVy or of Balsam trees. — ^nds compre- 
hends the Persian or Arabian Flora, especially the south-western part 
of the highlands of Arabia or Yemen. In this region are many trees 
yielding gums and balsamic resins, as species of 3fmosa, Acaciaj Bal~ 
samodendron, Boswellia. Cultivated plants arc — Maize, Millet, Date- 
palm, Coco-nut, Fig, Apricot and Peach, Plum, Ai)plc, Quince, Vine, 
Coffee-tree, Tamarind, Papaw, Sugar-cane, Ginger, Cotton, and Indigo. 

13. The Desert Region. — ^This includes Northern Africa, to the 
south of the mountfxins of Atlas, between hit. 30® and 15® N., and the 
northern part of Arabia. Phmiix dactiflrfera^ or the Date-palm, and 
Cucifera iJiehaica^ or Doom-palm, sire found here, but little is known 
in regard to the vegetation of the region. Memi temperature, 72® to 
86°. Cultivation is confined to the valley of the Nile and the Oases. 
We meet with Guinea Com, Wheat and Barley, and the South Euro- 
pean and Indian grains. 

14. The Region of Tropical Africa. — ^This includes that part of Africa 
lying between the parallel of 15®, and the tropic of Capricorn, or be- 
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tween the northern and southern limits of periodical rains, with the 
exception of Abyssinia and tlie unknown countries of the interior. The 
Flora of the western part of this region is characterized in part by the 
presence of Adansonia^ or the Boabab, the largest known tree. We 
also meet with the EMs guineensisj a palm which furnishes oil. Other 
characteristic plants are Sarcocepluilus esculmtus and Schmkdelia afri- 
cana. The vegetation of Guinea and Congo is a mixture of the Floras 
of Asia and America, tliough most resembling the former. The 
eastern part of the region, including Madagascar, has a peculiar Flora, 
distinguished chiefly by the genera Dmuds^ Anibora^ Eoniheya^ Dufem- 
rea^ Didymmneles^ and Se7iacea, Mean temperature, 72® to 86®. 
Cultivated plants: Maize, Rice, Guinea Corn and ^Millet, Yams, Cassava, 
Banana, Mango, Papaw, Pine- Apple, Cashew, Tamarind, Coffee, Sugar, 
C;otton, Ginger, Cardamoms, Earth-nut. 

15. The Region of Cactacecn and PijteracecD, — ^This embraces Mexico, 
New Grenada, Guiana, and Peru. These natural orders are here pre- 
dominant, both as regards the number of species and the individual 
plants. Murichi or Ita Palm, Phytelqdias or Ivory Pjilm, and Victoria 
regiaj are peculiar to Guiana. Mean temperature, 68® to 84°. Cul- 
tivated plants: Maize, Guinea Corn, Cassava, Yams, Batatas, Arraca- 
eha. Arrow-root, Plantain, Mango, Custard Apples, Guava, Coco-nut, 
Papaw, Avocado Pciir, Pine Apple, Cashew, Tamarind, Grcnadilla, 
Vine, Indian Fig, Jambos, Chocolate, Vanille, Coffee, Sugar, Capsicum, 
CV)chineal- Cactus, Cotton, Earth-nut. 

16. The Region of the Highlands of Mexico. — This embraces the 
districts which have an elevation of more than 5,500 feet above the 
level of the sea. Many Europ(?an plants are cultivated here, as well 
as ISIaize. Pitius vcUgiosa fftid otlier Coniferm arc fomid. Mean tem- 
perature, 78® to 64®. 

17. Tlie Rc^gion of Cinclionm^ or Medicinal Barks. — Tliis comprises 
a part of the elevated regions or Cordilleras of South America, included 
in the torrid zone, tlie Andes from 5,500 to 9,000 feet. Tlie Cimhomi 
belongs exclusively to this region, and forms its principal feature. In 
the higher regions the Potato and Quinoa are cultivated, as well as 
some European grains and fruits. In the lower districts. Maize and 
C'offee ai'c still cultivated. JVlcan temperature, 68® to 59®. 

18. The Jiegion of Escallonice and Calceolarioi. — ^It qpibraces the 
highest parts of South Amcricji, or that portion of the chain of the 
Andes, which has more than 9,600 feet of elevation. Besides the 
plants mentioned, we meet with alpine plants, as Saxifrages and 
Gentians, and species of Draba^ Arenaria, Cai^ex,, Lobelia^ and Salvia^ 
besides some European genera belonging to the orders Gi'aminece and 
Ckhoraccce^ such as Bromus, Festuca^ Poa^ Apargia^ and llypochceris. 
Mean temperature, 59® to 34®. 

19. Tlie West Indian Region. — ^This includes the whole district of 
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the Great and Little Antilles. Bananas, Plantains, Mangos, Guava, 
Avocado Pear, Tamarind, and many other useftd plants are met with. 
The Flora is intermediate between that of Mexico and the northern 
parts of South America. Mean temperature, 59° to 78°. Cultivated 
plants the same as those in the fifteenth region. 

20. Region of PahnoB and Melmtomacect . — It embraces Brazil and 
that part of South America which lies to the east of the chain of th(? 
Andes, between the Equator and the Tropic of Capricorn. Vellozia 
and Lichnophora give a decided feature to the peculiar vegetation of 
some of &e mountainous parts. Here, also, numerous large peculiar 
species of Eriocaulm occur. Species of Croton^ Dorstenm^ and Heli- 
conia are also met with, along with arborescent Solanunu. In place 
of the few mosses and lichens wliich cover the trunks or branches of 
forest trees in temperate climes, in Brazil they are bearded from the 
roots to the very extremities of the smallest branches with Ferns, 
Aracese, TiUandsias, Cactuses, Orchids, Piperomias, and Gesneras. JSIean 
temperature, 59° to 82°. Same plants cultivated as in the fifteenth region. 

21. The Region of Arborescent Compositm , — The great number of 
arborescent Compositce^ and of plants belonging to the order Caly- 
ceraceoi^ forms the chief feature of this Flora, which approaches in a 
remarkable manner to that of Europe, whilst it differs entirely from tlu* 
floras of Chili, the Cape, and New Holland. This region comprehends 
the lower part of the basin of La Plata, and the phiins which extend 
to the west of Buenos Ayres and CliiH, between the tropic of Capricorn 
and latitude 40° south. (The Flora of (yluli approaches that oi* New 
Holland, the Cape of Good Hope, and New Zealand, in Gooderria^ 
Araucaria^ Proieacece^ GunnerOy Ancistrmn.) Mean tempcratiue, 59° 
to 75°. European plants form here objects of culture. Wheat, tin* 
Vine, and the Peach, are widely extended, 

22. The Antarctic Region. — ^This includes the countries near the 
Straits of Magellan, Terra del Fuego, and the Falkland Iskinds. There 
is a considerable resemblance between the vegetation here and what is 
seen in the north temperate zone. Polar forms display themselves in 
the species of Saxifrage, Gentian, Arbutus, and Primrose. Tlicre is 
also a resemblance between the plants of this region, and those of the? 
mountains of South America, of Chili, the Cape, and New Holland. 
Fagus antarctica^ and Winter’s Bark occur here. Many of the com- 
mon British weeds are found at the . southern extremity of South 
America. In the Falkland Islands is found Dactylis ccespitomy the 
Tussac grass, which furnishes most valuable fodder. Mean temper- 
ature, 41° to 46°. No cultivation. 

23. The Region of Mesemhrijanthe/tnay and StapelicB. These two 
genera, as well as the Ericew^ Heaths, are very abundant. Tlie 
latter family is foimd in greater quantity here than anywhere else. 
The region embraces the southern extremity of Africa, irideweoe., 
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Pelargoniums^ Aliomm^ Bruniacem^ and SelagiTmceee, and varions Gna- 
phaliums and ElicJirysums^ occur in this region. Mean temperature, 
.55" to 73". Cultivated plants: European kinds of grain, finiit, and 
vegetables; also Batatas, Plantain, Tamarind, Guava, and Shaddock. 

24. The Eegion of Epacridacece and Eucalypti. — It comprehends 
ihe temperate parts of New Holland imd Australia beyond the tropics, 
with the island of Tasmania or Van Dieman’s Land. Besides the 
plants whence it receives its name, it is characterized by the orders 
Stackhousiaceoi and TreniandracecB, and by the presence of a great 
number of Proteacem^ Myrtacem^ Stylidmcece^ ItestiacecB, Diosmece^ Casu- 
arincm^ and Aeaxiias. Araucaiia^ or Eutassa excelsa, the Norfolk Island 
Pine, forms one of the features of the region. It is one of the most 
l)eculiar Floras. Mean temperature, 52" to 72". In the British Col- 
onies, the European kinds of grain and fruit are cultivated. 

25. The Region of New Zealand. — ^This Flora, besides the plants 
peculiar to New Zealand, as Phomiium teuax^ New Zealand Flax, com- 
prel lends several others which belong to the extremities of America, 
Africa, and Australia. We find in these islands Corypha australis^ 
the Australian or Southern Palm, Tree Ferns, and Dracomas^ forests 
of Dammar a australis one of the Comferm^ and many Myrtacem. 
Mean temperature between latitude 34" and 36" south, from 61" to 
63". Many of the European plants are cultivated,* 

1156. Meyen divides the horizontal range of vegetation into zones, 
tJiking for his basis the three ordinary divisions of the torrid, the 
temperate, and the frigid zone, and subdividing each hemisphere 
into eight smaller zones. 

1157. — Meyen' s Phyto-Geographical Zones. 

A. — TORRID ZONE. 

1. Equatorial Zone. — Tliis extends 15" on both sides of the equator, 
and has a mean annual temperature of 78 to 82^® F. The forms 
characteristic of this zone are chiefly Palmge, Musacese, arborescent 
Gramineie, Pandanus, Scitamineas, Orchids, and Lianas; besides plants 
belonging to the orders Malvaceai, Anonaceai, Anacardiaceas, Arto- 
carpeaa a section of Urticaceae, Lecythidacesc, Malpighiacese, Sapin- 
dacesa, Caisalpinieaj a section of Leguminosse, Cedrelaccae, and many 
others. 

2. Tlie Tropical Zone.— ^ITiis reaches from the 15th degree on each 
side of the equator to the tropics, in 23" latitude. Mean temperature 
73-^" to 78'|". Summer temperature, 80^" to 86"; winter tempera- 
ture in the eastern coast countries, 59". Besides many equatorial 
forms, as Palms, Musaceaj, Scitaminees, Meliacese, Anonacea3, Sapin- 
daceffi, Orchidacea), Aracese, and lianas, there are in this zone Tree- 


* Soe a Coloured Delineation of these Redons in Johnston’s Maps. 
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ferns, and plants belonging to ConvolvulaocaB, Melastomaceae, and Pi- 
peracea). 

B. — TEMrSBATB ZONE. 

3. Subtropical Zone. — ^This extends from the tropics, 23®, to 34® oi‘ 
latitude. Mean temperature, 62^® to 71^®; summer temperature, 
73-J® to 82J®. There is a number of tropical fruits in this region. 
The winters are mild, and vegetation is green throughout the year. 
In the northern division of tlie zone, Palms and Bananas grow on the 
plains. The Date-palm, Doom-palm, Chama5rops Palmetto, many suc- 
culent Mesembryaceae and Crassulacese, arborescent Euphorbias, (Ca- 
mellia, Thea, Aucuba, and Magnolias, are met with. In the southern 
division are Protcaceas, M 3 rrtaceic, Epacridacea?, Ericaceae, many Com- 
positSB, Diosmeaj, Zamias, and (Cactacese. 

4. The warmer Temperate Zone. — ^It embraces the space between 
34® and 45® of latitude, including the southern part of Europe, 
Asia Minor, north of Chinii, and Japan. Mean temj)eratnrc, 53^® to 
62-^®. Summer temperature in North America, 77®; in Europe, 75^® 
to 68®; in Eastern Asia, 82;^;®: Winter temperatiu'e in the New World, 
44^® to 32 J®; in Europe, 50® to 34 J®; in Eastern Asia, 2G^®. Many 
subtropical forms occur. Evergreen dicotykidonous trees and shrubs, 
Cistuses, many species of EricacesB, Lauracesc, and Myrtaceie, and the 
Vine, are met with. In some parts of the zone, Solidagos and Asters, 
Magnohas and Smilaceaj, abound; while in others there are represen- 
tatives of the Mimosa form, Myrtaceac, and Proteacere. 

5. The colder Temperate Zone. — Ihis includes a belt from 45® to 
58® latitude. Mean temperature, 43® to 53^®, Minimum summer 
temperature on the West Coast, 56^®; in the interior of the Continent, 
68®; Minimum winter temperature in the interior of Euroi)e, 14®. 
England, the north of France, and Germany, supply the characteristics 
of the vegetation of this zone. It embraces the region of Umbedliferas 
and Crucifera3 of Schouw. Meyen selects phints having a more marked 
physiognomic effect, such as ordinary Dicotyledonous trees, along with 
Abietinero, and heaths covered with Calluna vtdgaris. 

6. The Subarctic Zone. — ^This reaches from 58® latitude to the 
arctic circle, 66®. Mean temperature, 39J® to 43®. Summer tem- 
perature in the New World, 66 J®; in the Old World, 60|® to 68®: 
Winter temperature of the former, 14®; of the latter (W estern Europe), 
24f®; of Ihe interior of Russia, 14® to 30J®. It is characterized by 
Firs and Willows in the northern hemisphere. 

C. — FRIGID ZONE. 

7. The Arctic Zone. — ^This extends from the arctic circle, 66®, to 
72®. Mean temperature, 28^® to 32®, and towards the eastern and 
continental portions, far below the freezing point. The Birch, and 
some Conifer©, may be said to characterize tins zone. 
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8. The Polar Zone. — ^This includes all lands from 72° to 82° lati- 
tude. The mean temperature of one point in this zone, viz., Melville* 
Island, is 1^°. In the Old World, the mean temperature is 16-|^°. 
Summer temperature of the New World, 37^°, and of the Old, 38:j°; 
Winter temperature, — 28° in the New, and — 2j^° in the Old World. 
No trees nor bushes grow in this zone. Some Saxifrages, and numer- 
ous Cr 3 rptogamic plants, as Lichens, prevail in it. 

1158. Tcirticai Range of Vegetation* — Under this head we consider 
the changes produced in the physiognomy of vegetation on ascending 
mountains. It has reference to the distribution of plants in an altitu- 
dinal or hypsometrical point of view. This geographical range is best 
seen in the high mountains of tropical countries, where all gradations 
are met with, from the heat of the torrid zone to the cold of the frigid 
zone. Humboldt, in describing South American scenery, remarks: — 
“ In the burning plains, scarce raised above the level of the Southern 
ocean, we find Jhinanas, Cycadaceac, and Palms in the greatest luxuri- 
ance; after them, shaded by the lofty sides of the vaUies in the Andes, 
Tree Ferns; next in succession, bedewed by cool misty clouds. Cin- 
chonas appear. Wlien lofty trees cc^ase, we come to Aralias, Tliibau- 
dias, and myrtle-leaved Andromedas; these are succeeded by Bejaiias 
abounding in resin, and forming a j)urf>le belt around the mountains. 
In the stormy regions of the Paramos, tJie more lofty plants and showy 
flowering herbs disappear, and are succeeded by large meadows coven^d 
with grasses, on which the Llama feeds. W'e now reach the bare 
trjichytic rocks, on which the lowest tribes of plants flourish. Par- 
meliris, Lecidias, sind Leprarias, with their many-coloured sporules, 
form tlie flora of this inhospitable zone Patches of recently fallen 
snow now begin to cover the last efforts of vegetable life, and then the 
line of eternal snow begins.” 

1159. On the mountains of temperate regions the variety is rather 
less, but the change is not less striking. ‘‘We begin to ascend the 
Alps, for instance, in the midst of wann vineyards, and pass through 
a succession of oaks, sweet chestnuts, and beeches, tiU we gain the ele- 
vation of the more hardy pines and stunted birches, jmd tread on 
pastures fnnged by borders of perpetual snow. At the elevation of 
1,950 feet, tlie vine disappears; and at a 1000 feet higher, the sweet 
chestnuts cease to grow; 1000 feet ftirther, and the oak is unable to 
maintain itself; the birch ceases to grow at an elevation of 4,680, and 
the spruce fir at the height of 5,900 feet, beyond which no tree appears. 
The Rhododendron ferrugineum (the Rose of the Alps) then covers im- 
mense tracts to the height of* 7,480 feet, and Salix herbacea creeps 
200 or 300 feet higher, accompanied by a few Saxifrages, Gentians, 
and Grasses, while Lichens and Mosses struggle up to the imperishable 
barrier of perpetual snow.” In central and southern Europe, the pro- 
portion of Monocotyledons to Dicotyledons, which is as 1 to 4 in the 
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plains, deoreases with the elevation on dry mountain slopes, till at the 
height of 8,526 feet, it is as 1 to 7. Moist mountain slopes favour 
Monocotyledons, the proportion on them being as 1 to 3. 

1160. The foUowing table shows the height at which com and trees 
grow in different quarters of the globe: — 



Torrid Zone. 

Temperate Zone. 

Frigid 

Zone. 


■ 

Mountains 






Andes, 

of Mexico, 
‘iO* Lat. 

Caucasus, IVtcnees, 

Al])®, 

l.(ipland. 


0“ Lat. 

42« 30' 

4,3“ 

4«“ 

07“~70.. 

Inferior limit of per-) 

petual snow, j 

Upper limit of trees, 

15,200 feet . 

....13,478... 

,..9,900... 

...8,400... 

..8,220. 

....3,300 

10,800 — 

,...12,000... 

..6,700... 

...7,020... 

..6,000. 

....1,500 

Distance betweenS 
trees and snow, . J 

4,400 — .. 

... 1,478... 

..3,200... 

,.1,380... 

..2,220. 

....1,800 

Distance between \ 
snow and com,.. J 

5,200 — .. 



..3,780... 



..4,200. 

....2,700 


In the Himalaya, the ujiper limit of trees on the south side is nuirked 
by Quercus semecarpifolia, at 11,500 feet, and on the north side by 
Betula alba, at 14,000 feet. Tlie Birch also forms the limit on the 
Caucasian mountains. On the Pyrenees and Alps, the limit of trees 
is marked by Coniferas; on the Pyrenees, by Pinus uncinata; on the 
south side of the Alps, by Larix europsea, the Larch; and on the nortli 
side, by Abies excelsa. In Lapland, the Birch forms the upper limit 
of trees. Tlie upper limit of shrubs is determined by the Khododen- 
drons in the Old World, on the Pyrenees at 8,312 feet, and on the 
Alps, at 7,480; and by Bejarias on the Andes, at the height of 13,420 
feet. On the south side of tlie Himalaya, Juniperus, Salix, and Ribes, 
form the upper limit of shrubs, at 11,500 feet; on the north, Genista 
versicolor ascends to 17,000 feet. 

1161. The following have been given by some authors as the zones 
of Alpine vegetation: — 

1. Region of Lowland cnltivation. Its extent of elevation is at the spot where 

the prevailing cultivated plants of the latitude cease to be productive. In 
Mount JEtna, it rises to 3,300 feet; on Teneriffc, to nearly 3,000 (zone of 
vines). It embraces two zones of the Cactus and Euphorbia in the Can> 
aries. In Madeira, it embraces two regions of Spix and Martins ; the region 
of tropical plants reaching to 700 feet, and the region of the vine, fruit, and 
com, to 2,300. In Norway, Sweden, and Einmark, it is narrow. In the Car- 
pathians, it rises to 1,.^)00 feet. Within the tropics, it is a broad and im- 
portant region. On the Andes, at Quito, it only ceases at 5,000 or 6,000 feet. 

2. Region of Woods. A magnificent region in ml Alpine districts, and well 

characterized on the Andes and Himalaya. Humboldt notices it in Ten- 
eriffe. In it extends to 6,200 feet. In the Canaries, to 4,080. In 

Madeira (region of Chestnut), to 2,950. In Lapland, it extends to 800 
feet. In Einmstrk, 70° north latitude, to 730. 

3. Region of Shrhbs. Region of Retama (Spartium nubigenam) in Teneriffe. 

Cm the Pyrenees and Mont Blanc, it is extensively covered to about 9,000 
fe^ with Rhododendrons. In the Andes, about Quito, it reaches 13,000, 
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and is conspicuous for its shrubby Compositac. In Madeira, it embraces 
Kuhl’s regions of Spartium and Heath. On the mouiitains of Lapland, it 
attains 1,000 feet, and is characterized by Betula nana, Vaccinium, and 
Salix. In Finmark, its limits are 1,100. 

4. Region of Grasses. These predominate in certain Alpine situations, and in 

certain parallels of latitude. In South Shetland, none of the islands exhi- 
bit any IMianerogamous vegetation, with the exception of straggling grass. 
In Melville Island, 75° north latitude, the proportion of Grasses to Phaner- 
ogamous plants is 1 to 5 ; in Great Britain, 1 to 12^. In the Andes, the 
region is traced to Paramos, and occupies a space of 13,000 to 14,500 feet; 
here are large cattle farms. In the Himalaya, a fine green sward is often 
scon at 14,600 feet. In TenerifFe, it is distinguished by Humboldt. On 
the Swiss Alps, Poa annua exists at an elevation of 7,400 feet. 

5. Region of Cryptogamous plants. This is well marked in many places. 

Colonel Hall, in Chimbora<;*.o, under the equator, at nearly 16,000 feet, 
found Draba arctoides, and Culcitiiim rufescens ; still higher, a moss, which 
may be considered as having attained the highest limit on the globe at 
which vegetable life exists. Lichens are the latest plants met with in 
ascending TenerifFe, the Himalaya mountains, and the Alps. 

11 ()2. In the mountains of the torrid zone, the foUowing regions 
are described by Mcyen, corresponding to the zones given in his hori- 
zontal range of vegetation : — 

1. The region of Palms and Bananas, extending from the level of the sea to 

1,900 feet of altitude. .It corresponds to the Equatorial zone. 

2. Itcgion of Tree Ferns, and species of Ficus, extending from 1,900 feet to 

3, 800. (Trojncal zone. ) 

3. Region of Myrtaccic and Lauracem, extendingfrom 3,800 to 5,700 feet. (Sub- 

tropical zone.) 

4. Region of Evergreen Dicotyledonous trees, extending from 5,700 to 7,600 

feet. (Warm Temperate zone.) 

5. Region of Deciduous Dicotyledonous trees, extending from 7,900 to 9,500 

feet. (Cold Temperate zone.) 

6. Region of Abictineas, the IMne and Fir, extending from 9,500 to 11,400 feet. 

(Subarctic zone.) 

7. Region of Rhododendrons, extending from 11,400 to 13,300 feet. (Arctic 

zone.) 

8. Region of Alpine plants and Lichens, extending from the upper limit of 

shrubs to the snow line at 15,200 feet. (Polar zone.)* 

1163. Difitribntioii of Plants in Britain. — ^The climate of Britain is 
influenced by its geographicjil position, and the form and elevation 
of its surface. The eastern coasts partake more of the continental 
climate, while the western experience the insular or more equable 
climate. Tlie mean temperature varies from 45° to 51° F. In 
ascending the mountains, there is a fall of 1° of the thermometer on 
an average for every 230 or 240 feet of ascent. The number of 
Phanerogamous plants amounts to nearly 1600, of Cryptogamous to 
about 4,800. Mr. H. C. Watson, who is our chief authority on the 

♦ On the subject of Botanical Geography, the student may consult Meyen’s work printc d by 
the Ray Society: Hooker’s Treatise in Murray’s Encyclopaedia of Geography: Malte Brunts 
Physical Geography; Humboldt’s Narrative, &c.; and Berghans’s Maps, edited by A K. John> 
Hton,— a cheap quarto edition of whicli is now in the course of publication. 
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geography of British plants, in his earlier works gives the following 
distribution in ascending regions : — 

1. The Begien of the Plains. This includes all the low and open country from 

the south coast of England to the borders of the Highlands, in lat. 56°* 
56j°, terminating at the sea level on the shores of the Clyde and Tay. It 
contains the common weeds and wild flowers of the country, and among 
trees, the Oak, Ash, &c. 

2. Upland Region. This is marked by the occurrence of Vaccinium Vitis-Ida^a, 

Arctostaphylos Uva-Ursi, Polygonum viviparum, Trientalis europma, Liti- 
nma borealis, &c. 

3. Median Region. A narrow belt just above the upper limit of cultivation, 

and the growth of Amentacese such as the Oak and Hazel. 

4. Subalpine Region. This commences at from 1,.500 to 2,400 feet above the 

level of the sea. Juiicus triddus, Saxifraga nivalis, and Gnaphalium su- 
pinum occur here. 

5. Alpine Region. This region is only truly seen in Scotland, Saxifrnga cor- 

nua and rivularis, Draba rupcstris. Luzula arcuato, Sicllaria cerastoides, 
and Alsinc rubella, may be said to characterize it. 

Of late years, Mr. Watson has propos(^d the following geographical 
division of British plants : — 

1. Agrarian. Plants found only within the limits of cultivation, or within the 

limits of Ptcris aqailina. in waste land the elevation or climate of which 
would not forbid successful cultivation. 

2. Agro-Arctic. Plants found within the region of cultivation, and also above 

these limits. 

3. Arctic. Plants found only above the limits of cultivation. 

1164. In considering the distribution of British plants in connection 
with geographical or local position, Watson suggests tlie following 
t3rpes : — 

1. Atlantic type : embracing species found in the south-west of England and 

Wales, as Erica ciliaris, Sibthorpia enropma, and Euphorbia Peplis. 

2. Germanic type : including species chiefly seen in the south-west of England, 

the chalk plants, as Phyteunia, Ophiys, Hippocrepis, and Onobrychis. 

3. The English type; consisting of species chiefly or exclusively found in Eng- 

land, and decreasing in frequency northwards, as Acer campestre, Tamus 
communis, Iris foctidissima. Orchis Morio. 

4. British type: comprehending species widely spread over Britain, as Beilis, 

Calluna, Corylus. 

5. Scottish type : embracing species prevalent chiefly in Scotland, or the north 

of England, as Trollius, Linnma, Andromeda, Primula f'arinosa. 

6. The Highland type : containing species either limited to the Scottish High- 

lands, or extending to the mountains of the north of England and Wales, 
as Salix hcrbacea, Azalea, Arctostaphylos, Lobelia, Subularia. 

7. Hebridean type: composed of a few species peculiar to the extreme north 

and west of Scotland, or at least chiefly seen there, as Eriocanlon septan- 
gular^ Ajuga pyramidalis. Primula scotica. 

1165. ♦Professor E. Forbes has adopted Mr. Watson’s view. Ho 
thinks fhat the vegetation of the British island? may be said to be 
composed of five floras : — 1. A west Pyrenean, confined to the west of 
Irel^d, and mostly to the mountains of that district. 2. A flora re- 
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lated to that of the north-west of France, extending from the Channel 
Isles, across Devon and Cornwall, to the south-east and part of the 
south-west of Ireland (Watson’s Atlantic type). 3. A flora common 
to the north of France and south-east of England, and especially 
developed in the chalk districts (Watson’s Gennanic type). 4. An 
Alpine flora, developed in the mountains of Woles, north of England, 
and Scotland (Watson’s Highland t 3 ^e). 5. A Germanic flora, ex- 

tending over the greater part of Great Britain and Ireland, mingling 
'vvith the other flonis, and diminisliing, though slightly, as we proceed 
westwards, indicating its easterly origin and relation to the character- 
istic flora of northern Germany (Watson’s British, English, and Scottish 
types). In attempting to account for the peculiarities of these floras, 
most of which had been previously noticed by Mr. Watson, Professor 
Forbes enters into some geological speculations, which, although en- 
tirely conjectural, are well w<u*thy of consideration. He numbers in 
ascending order these floras, according to their magnitude as to species, 
and also, in his opinion, according to their relative age and period of 
introduction into the area of the British islands. His conclusions on 
this point are the following : — 

“1. The oldest of tlie floras now composing the vegetation of the 
British isles, is that ol’the mountains of the west of Ireland. Though 
an Alpine flora, it is southernmost in clniracter, and is quite distinct as 
a system from the floras of the Scottish and Welsh Alps. Its very 
southern character, its limitation, and its extreme* isolation, are evi- 
dences of its antiquity, pointing to a period when a great mountain 
barrier extended across the Atlantic from Ireland to Spain. 

“2. The distribution of the second flora, next in point of probable 
date, depended on the extension of a barrier, the traces of which still 
remain, from the west of France to the south-east of Britain, and thence 
to Ireland. 

“ 3. Tlie distribution of the third flora depended on the connexion 
of the coast of France and England towards the eastern part of the 
channel. Of the Ibrmer existence of tliis union no geologist doubts. 

4. The distribution of the foimth, or Alpine flora of Scotland and 
Wales, was effected during the glacial period, when the mountain 
summits of Britain were low islands, or members ol* chains of islands, 
extending to the area of Norway through a glacial sea, and clothed 
with an arctic vegetation, which in the gradujil upheaval of those 
islands and consequent change of climate, became limited to the sum- 
mits of the new-formed and stfll existing mountains. 

“ 5. The distribution of the fifth, or Germanic flora, depended on the 
upheaval of the bed of the glacial sea, and the consequent connexion 
of IreLand with England, and of England with Germany, by great 
plains, the fragments of which still exist, and upon which lived the 
great elk and other quadrupeds now extinct. 
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“ The breaking up or submergence of the first barrier led to the 
destruction of the second ; that of the second to that of the third; but 
the well-marked epoch of migration of the Geimanic flora indicates 
the subsequent fonnation of the straits of Dover and of the Irish Sea, 
as now existing. 

“ To determine the probable geological epoch of the first or west- 
Irish flora — a fragment, perhaps with that of north-western Spain, 
of a vegetation of the true Atlantic — ^Forbes seeks among fossil plants 
for a starting-point. This he gets in the flora of tlie London clay, or 
Eocene, which is tropical in character, and far anterior to the oldest of 
the existing floras. The geographic^ relations of the Miocene sea, 
indicated by the fossils of the crag, give an after-date certainly to the 
second and third of the above floras, if not to the first. The epoch of 
the red or middle crag was probably coeval with the second flora ; 
that of the mamnialiferous crag with the third. The date of the fourth 
is too evident to be questioned ; and he regards the glacial region in 
which it flourished as a local climate, of which no true traces — as far 
as animal life is concerned— exist southwards of his second and third 
barriers. This wjis the newer Pliocene epoch. Tlie period of the 
fifth flora was that of the post-tertiaiy, when the present aspect of 
things was organised. 

“ Adopting such a view of the relations of these floras in time, 
he thinks tliat the greatest difficulties in the way of changes of the 
earth’s surface and destruction of barriers — deep sea being found 
where land (probably high land) was — ^are removed when we find that 
those greater changes must have happened during the (?poch imme- 
diately subsequent to the Miocene period; for we have undoubted 
evidence that elsewhere, during that epoch, tlie Miocene sea-bed was 
raised 6000 feet in the chain of Taurus, and the barriers forming the 
westward boundary of the Asiatic Eocene lakes so completely annilii- 
lated, that a. sea several hundred fathoms deep now takes their probable 
place. The changes required for the events which he would connect 
with the peculiar distribution of the British flora are not greater than 
these. Professor Forbes thinks that the peculiar distribution of en- 
demic animals — especially that of the terrestrial moUusca — ^bears him 
out in these views.” 

11 66. The observations of Watson and Forbes lead to the conclusion 
that, with the exception of Eriocaulon septangulare, the British islands do 
not contain a single plant which is not found on the continent of Europe. 
These islands, therefore, cannot be considered as a centre of vegetation, 
but as having been colonized by successive vegetable migrations. Their 
opinion as to the origin of British plants, as condensed by Martins, is, that 
these islands have been peopled by many colonies successively leaving 
the continent of Europe, from the epoch of the middle tertiary formation 
up to pur own. When a vast continent extended from the Mediter- 
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ranean regions to the British islands, the plants of the Asturias, and 
those of Armoricji, peopled the south of England and Ireland. To 
this period succeeded the glacial epoch, during which the lands were 
imraerged to a depth of about 1300 or 1400 feet. This is the period 
of the migration of the arctic plants, wliich still inhabit the tops of the 
Scottish mountains. Wlien these lands emerged anew, England was 
united to France, the temperature being sucli as it is at present. At 
this time, the great German floral invasion took place, absorbing, so to 
speak, all the rest, and leaving very slight remains of them. Tlius, 
while tlie Asturian plants, those of tlie south, are reduced to a small 
number of species confined to the south-west of Ireland, the hardy 
vegetables of the north completed their conquest, llie colonization 
being completed, England became sc])arated from the continent. 

llf)7. Martins agrees with Watson and Forbes in their general 
views of the British flora, adopting the following types : — 

1. Astnrian Type — the remains of a Peninsular flora. 

2. Armorican Type — vegetation like that of Brittany and Normandy. 

3. Boreal Type — ^flora like that of the Swiss Alps, Lapland, Iceland, and 
Greenland. 

4. Germanic Type— the basis of the vegetation of England. 

lie thinks, that while Europe has had the principal part in the coloni- 
zation of the British islands, a great vegetable migration has also 
taken place from America ; and that the arctic plants originating in 
Greenland, have propagated themselves across Iceland, Feroe, and 
tShethmd, as far as the mountains of Scotland. TJjese mountains have 
therefore derived their flora partly from Norway and partly from 
Greenland, by a sort of double migi'ation. Ilis opinion is founded on 
the fact, that the relative proportion of plants, exclusively European, 
which enter into the flora of Shetland, is J ; into that of Feroe, | ; 
and into that of Iceland, t'o ; ^ the rest being common to Europe and 
America. In proportion, therefore, as we remove from Europe, 
the number of vegetables peculiar to tSat continent diminishes ; but 
at the same time the proportion of the Greenland plants increases in 
nearly the same ratio. Miirtins, however, does not agree with Forbes 
in his bold and novel hypothesis, but attributes the coJonizalion to the 
transport of seeds from America and Eui’ope, by means of the gulf 
stream. This stream, he thinks, has thrown Eriocanloji septfuigulare 
on the shores of the Hebrides, and, running along the coast of Scot- 
land, carries seeds to the sandy shores of Shetland, Feroe, and Iceland. 
He considers it the principal agent in the diffusion of European plants 
in these islands. Winds, aerial currents, and birds, he thinks, have 
jjIso contributed to the dissemination of species.* 

• For further detuils on the sulycct of tlic Gcognipliy of British plants consoit Watson’s Distri- 
luition of British Plants, and Cyhele Biitannica; Forbes’s paper in the lleports of tlie Geological 
Survey of Great Britain ; Martins’ papers In the Ediiihui'gh Philosophical Joiunal for 1841). 
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1168. AccllmatlaBing of PlantM. — ^It is commonly supposed that by 
length of time plants may be rendered fit to endure a climate which 
they could not stand in the first instance. It has been said, that 
by slow degrees tender plants may become acclimatized to cold 
cUmates. Such a view, however, is totally inconsistent with the facts 
of the case. Each species of plant naturally, bears a certain range 
of temperature, and it is impossible to extend that range. Many 
plants originally placed in greenhouses, and subsequently planted 
out, are held up as cases of acclimatization. Aucuba japonica, com- 
ing from a warm chniate, was at first treated in tins country as a 
stove-plant, and was afterwards planted out, and was found to en- 
dure the climate, but no change was made in the constitution of the 
plant. It was capable from the first of enduring the cold of this 
climate. Aponogeton distachyum, an aquatic from the Cape, was 
cultivated long in the stoves of the Edinburgh Botanical Garden. A 
specimen was accidentally thrown into tlie open ]:)ond, where it has 
continued to live and IIowtt for many yejirs. Tlie constitution of the 
plant is unaltered. It was able to bear a certain range of* temperature, 
but cultivators were not aware of this in the tirst instance. Plants 
sent from wfirm countries, and supposed to be delicate, are often quit(* 
hardy, in as much as their native locjility lias been high on the moun- 
tains. Such is the case with Araucaria imbricata from Chili, and witli 
some Nipal and Japan plants. Again, take the Potato, the Dahlia, 
Heliotrope, and Marvel of Peru, which have been long cultivated in 
Britain, and it will be seen tliat they are not in the slightest degree 
more hardy than when first introduced; tliey are injured by the irost 
just as easily as at first. 

1169. Something, however, maybe done by tlie art. of the gardener, 
to render half-hardy species of plants less tender. In this climate, the 
great risk in such cases, is Irequcntly not so much the d(*gree of cold, 
as the accession of it at a time wdien the plants (lannot resist it, in con- 
sequence of being full of sap. Attention, therelbrc, should bf‘ paid to 
bringing the plants into as dry a state us possible, at tlie beginiung of 
winter. Lin^ey remarks that tlie only means of efiecting this con- 
sists in thoroughly drained soil, and an elevated situation — the first, 
preventing a plant from filling itself with moisture during winter, or 
overgrowing itself in siunmer, so as to enable it to ripen its wood ; 
and the latter securing it from the action of those early frosts in 
autumn, or those late frosts in spring, wliioh are so pernicious oven to 
our own wild trees. In an elevated situation, a plant also escapes the 
risk of being stimulated into growth by a few days’ warmth, succeeded 
by nipping colds, which so often occurs in our viiriable climate. 
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1170. The history of vc^getation could not be considered complete, 
unless we endeiivoured to give some account, liowevcr brief, of the plants 
which existed on the earth in its primeviil state, during the extended 
geologi(\‘il epochs which elapsed bi*forc the establishment of the present 
order of things. Tills subject is alike interesting to the botanist and the 
geologist. It lias sometimes been called Geo-llotany, and is an impor- 
tant s(‘ctioi.i of Oryctology {i^vKTos, fossil), (ieology, says Philips, 

would never, perhajis, have escajied from the domain of empiricism 
and conjecture, but lor the innumerable testimonies of elapsed periods 
and pcirished creations, which the stratilied rocks of the globe present, 
in the remains of ancient plants and animals. So many import^mt 
questions concerning their natiu’o, circumstances of existence, and mode 
of inhumation in the rocks, have lieeii suggested by these interesting 
rehquia* ; and the natural sciences have received so powerful an im- 
pulse, and been din^ctod with such great success to the solution of 
problems concerning the past history oi’ the earth, that we scarcely 
feel disposed to dissent li'om the opinion, that without fossil Zoology 
and .Botany, or what is denomiriatiid Palasontology ancient), 

there wovld have been no true Geology.’^ The stratified crust of the 
glolie is lull of these monimients of vanished f(.)rras of life. They are 
of various kinds, are in dilferent states of preservation, and occur very 
unequally in rocks of different kinds and ages. The remains of ancient 
vegetation are very abimdant in the coal measures, the important com- 
bustible material derived from them, and which is vegetable matter in 
an altered fonn. 

1171. Charaetem and arrangement of Fossil Plants. — ^From the 
state in wliich fossil plants arc foimd, it is by no means an easy 
matter to determine their nature accurately. It is rarely that 
any of the essential organs are found in such a state of preserva- 
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tion as to furnish distinct characters. It is chiefly from the frag- 
.ments of stems, and the impressions of leaves, and some fruits, that 
the fossil botanist can draw conclusions. Sometimes the internal 
structure of the stem can be traced, and by examination under the 
microscope, the nature of its woody tissue may be determined. In 
this way, some fossilized woods have been referred to the Coniferous 
tribe, in consequence of the presence of punctated woody tissue (fig. 
47). Fossil woods have been shown by chemical tests to contain por- 
tions of vegetable tissue, cemented into a mass by silica. In some 
cases the vessels and cells are separately silicified without being united 
into a compact mass. In these instances the wood breaks down easily. 
At times the internal structure is obliterated, and it is only from the ex- 
ternal configuration, the nature of the outer covering, and the scars < »f' 
the leaves, that any conclusions can be drawn. The leaves often furnish 
important and valuable characters, and, in the case of fossil ferns, their 
form, divisions, and venation, supply distinguishing marks. Tlie lcavf;s, 
however, are generally isolated, and are rarely found in connection with 
the stems. Thus, the separation of the different parts of the plant, and 
in most cases, their imperfect state of preservation are great obstacles 
in preventing the determination of fossil plants by a comparison witli 
those which now exist on the earth. These difficulties are incretised 
as we go back to the earliest geological epochs, for the further thc\^ 
are removed from the present state of things, the greater are th(‘ 
differences between the fossil and living plants. Dr. Hooker remarks, 
that the knowledge of recent botany required to throw fight upon the 
study of fossU plants, and the origin of coal must be both vjiried and 
extended. “ Some acquaintance with systematic botany is the firsi 
requisite; through this alone can any approximation to the living 
affinities of the fossil be obtained. It shoxild embrace not only a 
knowledge of the principal groups, or natural orders under which all 
plants are arnuiged, but a familiarity with vegetable anatomy ; for 
when the stem or tnmk alone is preseiwed, which is often the case, a 
minute examination of its tissues is the sole method of‘ determining 
its position in the natural series. There must also be some general 
ideas of the vegetation both of the tropics and cooler latitudes, of 
moimtain-chains, table-lands, vallies and estuaries ; more especially ol‘ 
comitries characterized by equable, and by excessive or extreme 
climates, as compared with continents, and of humid and desert dis- 
tricts ; in short, of all the complex assochitions with, or dependence of* 
botanical characters upon, surface, soil and climate, which the globe* 
presents.” 

1172 * Ma^y of the fossil plants of tlie tertiary or recent strata may 
be referred to genera at present existing, and merely present specific 
differences ; such as pines, elms, beeches, maples, &c. Those of the 
secondary strata may, in general, be referred to known families, but 
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in most instances require the formation of new genera. While those 
of the older strata, in numerous instances, cannot be classed in flirinting 
families, and must constitute new groups. Such are the Calamites, Lepi~ 
dodendrons, and Si^Uarias of the coal formation. From all the investi- 
gations of fossil botanists, however, it appears that the same great 
t 3 q)es existed in a former state as at the present day, viz., Cellular 
Cryptogamics, Vascular Cryptogamics or Acrogens, Monocotyledons 
and Dicotyledons, both Angiospennous and Gymnospermous. 

1173. Schlotheim, Sternberg, Brongniart, and others, have pro- 
posed arrangements of fossil plants. That of Brongniart is founded 
on the resemblances which the fossils bear to living plants. When 
the analogy between a fossil and a living plant is such, that the difier- 
ence is not greater than occurs among the individuals included in a 
species of the living genus, then the fossil and living plant may be 
considered identical, and the epithet of fossil is applied to the name of 
the plant. IfJ on the other hand, the fossil presents distinct specific 
characters, but does not diiFcr more from living species than these 
species differ among themselves, then it is looked upon as a new 
species of the genus. If the differences are well marked, but at the 
some time the organ which represents them is not of sufficient impor- 
tance to induce the belief that the plant differs from others of the 
genus in aU its essential organs, then the termination ites is added to 
the name of the genus. Thus, Lycopodites is a genus of fossil plants 
allied to Lycopodium, apparently not differing, so fiir as known, in 
essential and important parts; so also Zamites allied to Zamia, 
Thuyites to Thuya, If a fossil plant, although presenting several 
essential characters of a family, yet differs in the fossilized organ from 
all the known genera of the family, as much or more than these genera 
do among themselves, then it is to be considered as a new genus dif- 
ferent from those actually existing. This will be seen in many of the 
coal fossils. 

1174. Before proceeding to notice some of the more important 
fossil plants, it will be necesstiry to give a sketch of the geological con- 
stitution of the globe. Tlie rocks of which the earth is composed are 
either stratified or unstratified ; and the former are either fossiliferous 
or non-fossiliferous (azoic). The mistratified rocks, included under 
the names of Granitic and Trappean, are considered igneous, j)lutonic, 
or eruptive rocks, and do not exhibit any fossiliferous deposits. 
Neither do fossil plants occur in certain metamorphic rocks, such as 
Gneiss and Mica-slate, which present a stratified appearance, and 
appear to have been deposited in peculiar circumstances, probably at 
a high temperature. The igneous and metamorphic rocks are some- 
times included under the comprehensive name of Hypogene. 

1175. TheFoMOUferons Stvatifled ltock» have been divided into — 1. 
Palaeozoic {prothxtof:, ancient, and life), or those which contain the 
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earliest fossil remains, including what have been called Transition, 
Primary fossiliferous, and Grauwacke rocks, and extending up to tht^ 
Magnesian Limestone, immediately above the Coal measures. 2. 
Secondary, extending to the chalk. 3. Tertiary, extending to the 
Decent deposits. The following tabular view is given by Ansted : — 


I. Palaozoic 

Older Palssozoic Lower and Upper Silurian. 

Middle Palaeozoic.. Devonian and old Red Sandstone. 

f Carboniferous system, Lower new Red Sand- 

Newer Palaeozoic stone, and Magnesian Lihiestonc or PernniU! 

I System. 

II. Secondary. 

Older Secondary Upper new Red Sandstone or Triassic Systenj. 

Middle Secondary Liassic, Oolitic, Wealden. 

Newer Secondary... Cretaceous. 

III. Tertiary. 


Lower Tertiary, or Eocene group. 

Middle Tertiary, or Miocene group. 

Newer Tertiary, or Pliocene group. 

Superficial Deposits, or Pleistocene group. 

1176. Fossil Plants in diflerent fittrata. — ^The plants in tlicse Stmti 
fied rocks are either of a maiine, fluviatilc, lacustrine, or terrestrial 
nature, according to the state of the globe at the period of their 
deposition. Tlie condition of the strata as regards fossils may de - 
pend in some measure on the depth at wdiicli they were deposited 
under the waters of the globe ; for Forbes finds that in the presen !■ 
ocean, there is, at a certain depth, a zero of tinimal, and probably ol* 
vegetable life. The state of preservation depends much on the nature 
of the plant in regard to its anatomical structure. Cellular phints, 
which are easily destroyed, have in a great measure disappeared, while 
plants which resist well the dcjcoinposing action of water and othei 
agents, such as ferns, occur in great abundance. In the Silurian 
system, the fossils consist chiefly of invertebrate animals. Lignite has 
been detected by Hugh Miller in the old lied Sandstone of the north, 
and has been referred to some coniferous plants by Nicol. In the 
Carboniferous system, fossil plants occur in vast quantity. With the 
Palaeozoic series one great epoch in the Rock formations was con- 
cluded, and a change took place so as to usher in the Secondary series. 
In the new Red Sandstone, the fossil remains are few and local, while 
in the Oolitic and Cretaceous systems they are more numerous. With 
the Secondary series of strata a general condition of the globe ended, 
and a new one commenced with the Terthiry strata. In these w e 
meet with fos.sil remains nearly resembling or identical with the exist- 
ing races. The names given to the groups indicate this. In the 
Eocene group dawn or morning, and new) we meet with 

a certain Moportion of living shells. In the Miocene less) the 

number <3^ living species increases, although stiU less in number than 
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the extinct ones ; while in the Pliocene {vheiaut more) the recent shells 
outnumber the extinct ones. The differences between the organic 
contents of one system and another, axe in proportion to the interval 
of geological time elapsed between them ; and the older the rocks, the 
more are the fossils distinct from the plants of the present day. The 
systems of organic life have always been adjusted to the actual condi- 
tion of land and sea. 

1177. The number of fossil plants known to M. Adolphe Brong- 
niart, in 1836, was 527. In 1845, Goeppert and Broun stated the 
number to be 1,792 ; and as in the 100,000 plants now known to 
e.xist in different i>arts of the globe, a large proportion consists of cel- 
lular plants, which would disappetu' in the process of fossilization, it 
would seem that the total number of known Ibssil species bears a con- 
siderate proportion to those now (.‘xisting. Their numerical distribu- 
tion in the different rocks is stated by Goeppert to be as follows : — 


Older and Middle Pal.T-ozoic, 52 

Carboniferous, 819 

Permian, 58 

Triasfiic 86 

Oolitic, 234 

Wealdeii, 16 

Cretaceous, 62 

Tertiary 454 

Unknown, 11 


1792 

1 'rom this table, Murchison remarks, it appears that the newer Palseo- 
zoic group contains more than lialf the known species of fossil plants, — 
ji nmiai’kable circumstance j when it is considered that the great herbi- 
vorcjus land quadrupeds had no existence before the tertiary period. 

small number of plants in the Cretaceous system is probably 
owing to the deptli of the sea in which these formations were deposited. 

1178. Among Dicotyledonous fossils there are numerous Amenta- 
ceai, Coniferre, and Cycadaceae, besides many doubtiul species. Among 
Monocotyledons, there appear to be plants belonging to liliaceBe, 
SmiLicea^, Palma*, Polama), Pandanacese, &c. Among Acotyledons 
there is a vast number of genera and species belonging to Equise- 
tficeaj, Lycopodiacea3, and Eihces, and a few Marsileaccfc, Musci, and 
Algae. 

1179. It is impossible in a short treatise like this to allude to many 
of the fossil species of plants. It will be sufficient to indicate some of 
the more important genera. The vegetable remains met with in the 
Silurian and Devonian rocks are few and unimportant, compared with 
those which characterize the Carboniferous period ; and their structure 
seems to indicate eitlier that they have been longer exposed to the 
agency of moving water, or that they are cellular marine species. 
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An exception to this, however, occurs in the Lignite noticed by Miller. 
It is in the argillaceous and sandy beds of the Carboniferous system, 
we first meet with decided proofs of the existence of land plants. 
These strata and sands alternate with beds of Coal, a mineral which is 
of vegetable orig^, and which is deposited in various quarters of the 
globe in hollow troughs, the layers varjdng from the thickness of a few 
inches to 10 or 20 feet. It is rare to find coal exhibiting vegetable 
structure under the microscope; but in certain cases this may be 
evidently seen. 1 have seen it in the Amiston coal of this neighbour- 
hood. Some have maintained that each stratum of coal is the pro- 
duct of a peculiar vegetation, frequently different from that which 
precedes, and from that which follows it. Hence each stratum is 
often characterized by the predominance of certain impressions. In 
examining a coal seam, there are frequently evidences of three distinct 
phases. In the underclay there are roots permeating the mass ; then 
cipmes the coal, which is either formed out of the plants whose roots 
are in the clay, or of others which have grown with them, or have been 
drifted; and lastly, above the coal there Ls the shale, which appears 
to have supported a vigorous vegetation. ' There have been 300 
species of plants noticed as belonging to the Coal Flora of Britain. 

1180. VoMll Plants of the Carboniferous System. — ^The great mass 
of fossil plants of this system belong to Acrogeiious Cryptogamics and 
Dicotyledonous Gymnosperms. Some of the plants called Palms, such 
as Noggerathia^ FlaheHaria^ and Artisia, arc referred by Brongniart to 
the latter division. Ferns abound in tliis system, especMy in the days, 
ironstones, and sandstones. The species are included under the genera 
Sphenoptem, Fecopteris, Neuropteris, Odofitopteris, Cgclopteris, Glossop- 
teris^ and Lonchopteris. These plants rarely exhibit any traces of fime- 
tification, in consequence of only one surface of the fronds being exposed 
to view, and they are therefore distinguished chiefly by the shape and 
venation of their fronds. Thus, Sphenoptcris a w^ge, and vriotg, 
a fern), has a bi-tripinnatifid frond, pinnro narrowed at the base (cune- 
ate), not adherent to the rachis, lobed, veins bipinnate, somewhat radi- 
ating from the base (fig. 793). In Pecopteris I comb), the frond 
is pinnatifid or bi-tripinnatifid, pinna? adnate to the rachis, sometimes 
confluent, a strong primary vein reaching the apex, the secondary 
vems being nearly straight, simple or forked, rarely pinnate, sori 
rounded at the end of the secondaty veins (fig. 794). In Neuropteris 
(vtv^ou, a nerve), the frond is pinnare or bipinnate, pinnae subcordate at 
the base, distinct from the rachis, strong primary vein vanishing to- 
wards the apex, secondary veins oblique, arched, repeatedly dichoto- 
mous (fig. 795). Tree-ferns appear to have existed in Britain during 
tha deposit of the coal strata, and to have occupied an important place 
in the flora. The stems of these ferns are included under the genus 
Cdulcptem. The fronds have not been found attached; but it is 
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1181. Some fossil plaats, allied to Lycopodiums, also occur in the 
coal measures. These have been included under the genera Lycopo- 

Fig. 793.— ^phenopteris HteninghauBii, a fern of the Carboniferous system. 

Fig. 794.— Pecoptoris aquillna, another fern. 

Fig. 795.— Neuropteris Loshii, another fern. 

Fig. 796.— Spbenophyllum dentutum, one of the dubious forms of the Carboniferous ^tem 
perhaps allied to SaUsburia. 

Fig. 797.— Annularia brevifolia, a coal plant, the offliiitics of which are unknown. 
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dites (figs. 798, 799) and Selaginitea. Some fossil species allied to 
these are grouped under the genus Lepidodmdron a scale, and 

^ a tree) (figs. 800, 

occupy an intermediate 

same manner as some of 

in the fo:m of dichoto^ou 

consists of a fh^ cuti- 
cle, a double cellular zone, 
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a hollow vascular cylinder, and a pith. The tissue in the outer part of 
the double cellular zone is arranged like that of ferns, the vascular 
cylinder is about J of an inch thick, and consists of polygonal tubes 
marked with 'fines, while the pith is composed of fusiform cells. The 
stems are ixiarked with rhomboid and orbicular scars (fig. 800). Their 

79aT-Ly<:opodites (Wolchia Schlothcimii), a plant allied to Lycopodium. 

Fig. 799. — Lycopodites (W^chia hypnoides), another Lycopodiaceous plant 
Fig. 800. — ^Lepidodendron crenatuin, with tiic scars of the leaves on its stem. It belongs to a 
family of plants apparently Intermediate between Coniferse and Lycopodiocese. 

Fig. SOL^Lepidodendron elcgaus, with its dichotomous trunk, and linear acute leaves. 
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tM)iie-like fruit is said to occur in a fossil form called Lepidostrolms ; 
but under this name, as well as that of StrobiliteSj the fruit of many 
different plants seems to be included. Lepidophyllum is said to be 
the leaf of some Lepidodendron, and Ulodendron is an allied genus. 

1182. Stigmaria {ariyfAu, a mark or impression) is a fossil genus, 
the species of which abound in the coal measures. They occur generally 
in the bed called the Underclay. Stigmaria Jicoides (fig. 802) is the 
common species. It consists of a dome-shaped mass sending forth 
grooved and pitted branches, which divide dichotomously, and extend 
20 to 30 feet. Slender processes arc given offj which appear to have 
been hollow (fig. 802). These processes (called fistular leaves,) form 
an entangled mass traversing the argillaceous lower bed in every direc- 
tion. In Stigmarias three tissues are met witli, vascular tissue forming 
the inner part of the cylinder, ligneous forming the wood, and cellular 
tissue forming a broad cortical zone, as well as the central portion or 
})ith. Some think that the stores of fossil fuel in England and Americti, 
are mainly due to the presence of tliis plant. There are no plants of 
the present day which resemble Htigmarhis. Some have referred 
them to such genera as Cactus and Euphorbia, others to Isoetes. 
King says that they are the roots of the fossil plants called Sigillaria. 
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1183. Sigillaria {mgillumj a seal) is another plant which appears 
to have aided in the formation of coaL It occurs in the form of com- 
pressed stems, attaining a height of 40 to 60 feet, and a breadth of 5 
feet. The stems arc fluted longitudinally, and marked at regular 
intervals by single or double scars, the remains of the leaf insertions 
(fig. 803). Some suppose Sigillarias to be allied to Tree-ferns, others 

Fiff. 802.— Stiffinaria ficoidcs; a branch off fistular leaves, wliich traverse the Underday 

in all directions. 

Fig. 803. — SijflUaiia pachydertna: the stein niarJced with seal's, and fiuted longitudinally. 
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to Coniferee. Brongniart says they resemble Zamia integrifolia. King 
thinks that they are intermediate between Ferns and Cycadaccee, that 
the fronds called Neuropteris constitute their foliage, and that Stig- 
marias are their roots. They have a medullary sheath in the shape 
of apparently isolated bundles, and vessels intermediate between true 
spiral and scalariform. The bark is said to be composed of two dif- 
ferent layers, thus giving rise to different impressions. The furrows or 
fluted marks are due to the arrangement of the leaves on the stem. 
King says, that if in imagination we delineate a channelled stem of 
any height between 12 and 100 feet, crowned with a pendant fem- 
like foliage, furnished with wide-spreading thickly fibrilled roots, and 
growing in some densely-wooded swamp of an ancient Mississippi, we 
will then have formed a tolerably close restoration of a Sigillaria vege- 
tating in its true habitat. 

1184. Calamite$ a reed), another coal fossil plant, occurs 

in the form of jointed fragments, originally cylindrical, and perhaps 
hollow, but now crushed and flattened (fig. 810). The stems are 
branched (fig. 805), and there appears to have been a distinct wood 
and bark. Their internal cavity seems to have been separated by 
horizontal partitions at the articulations, the intervals b(‘twcen tint 
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articulations becoming smaller towards the ends of the branches. Both 
stems and branches are ribbed and furrowed (fig. 804). Some refer 
the numerous species of Calamites to Equisetacese, but the presence of 
wood and bark has led others to place them among Dicotyledons. 

Some interesting fossil Conifera;, included under the names Pinites 
and Araucarites, are foimd in the carboniferous sandstone, as in Craig- 
leith Quarry, near Edinburgh. The specimens found in Craigleith 
have been referred to Pinites Withaini and medullare of Lindley and 
Hutton (Araucarites of Goeppert, and DadoocyUm. of Endlicher). Some 
of these seem to be allied to the J^aucaria tribe; for instance to Eutassa 

Fig. 804.— Calamites Suckovii, composed of jointed striated fragments having a bark. 

Fig. 805.— Calamites cannseformis giving on branches. 
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excel^ the Norfolk-Island Pine. Their wood, -under the microscope, 
exhibits the punctated appearance and other characters of Coniferes 
(figs. 806-809), and the Asks are often in two or more rows (fig. 808). 
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Some specimens have been found upwards of 70 feet long. These 
ConiferfB seem not to have been associated with the Sigillarias and the 
other plants which abound in coal seams. They probably flourislied 
in the neighbourhood, and were at times transported to these localities. 
A peculiar kind of fossil fruit called Trigmocarptwij resembling that 
of a Palm, has been found in some of the carboniferous sandstones. 
Noggerailiia .and FMellariii have been referred to species of Palms, but 
Brongiiiart considers them as Cycadaceous. Lyginodendrm 
wicker-work) is a peculiar co.al fossil discovered by the Rev. Mr. 
Laiidsborough in Ayrshire, and described by Mr. Gourlie. Its im- 
pression consists of rounded narrow twigs, which cross each other 
like the parts of an osier basket. Steivibergia is a peculiar fossil, con- 
sisting of horksontal plates, which are held together by some con- 
nection in the axis. Some look upon it as allied to Dracaena. It 
may be remarked, in general, that the Carboniferous flora is uniform, 
or nearly so, in all parts of the globe where cjirboniferous fossils have 
been obtained, viz. the whole of western, northern, and eastern Eurc^e, 
North America, from Alabama to Melville Island, vfirious districts of 
Asia, Eastern Australia, and Van Dieman’s Land, and probably tlie 
Asiatic Islands. 

1185. As the great mass of fossils in the coal formation consists 
principally of ferns, Brongniart has been led to draw conclusions as to the 

Fi|i^ 806-809.— The structure of vrood in recent Coniferse, to illustrate the appearances presented 
by some fossil ivoods. 

Fig. 806.— I'ransvei'sc section of a piece of Coniferous wood, of the natural size. 

Fig. 807.— A section of the same wood seen under the microscope. The medullary rays and 
woody tubes seen without any large porous vessels. 

Fig. 808.— Longitudinal section of the same, in the direction b o, magnliled. A medullary ray 
seen crossing the woody tubes, which are marked by disks, in one or more rows. 

Fig. 809.— Section of the same in the direction a b, peipendicular to the medullary rays, which 
are seen at intervals between the woody fibres. 
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climate of the globe, at the time when the coal fossils grew. Ferns of 
the present day thrive best in a moist insulfir climate, and many of them 
occur in tropical climates. Hence Brongniart conjectures that at the 
coal epoch the surface of the eai*th consisted of a series of islands in 
the midst of a vast ocean, and that the temperature was higher gen- 
erally than that of the present day. In the forests of these islands lofty 
Lepidodendrons would occur with their delicate and feathery fronds ; 
SigiUarias, with their fluted stems and enormous matted roots ; Cala- 
mites, with their singular branches ; Tree-ferns and Coniferous plants, 
resembling the Norfolk Island Pine, and towering 100 feet above the 
rest of the forest. He also thinks that the immense deposits of carbon 
at that epoch, warrant the conclusion that the air contained a large 
amount of carbonic acid. These conclusions arc, of course, mere hyj)<>- 
theses. In regard to the temperature, it may be remarked, that there 
is no evidence from the nature of the flora, of a marked increase of 
temperature at the coal epoch. In New Zcahmd, which is in a latitude 
the same as that of a great part of Europe, a very large proportitm 
of the vegetation consists of Acrogenous plants. Ferris and thtfir 
allies, in that country, cover immense districts, replacing the grasses 
of other countries, and giving a marked character to all tlie open laud. 
Some of the ferns attain a height of 30 or 40 feet, and occur in grouj)s. 
Hemitclia capensis too, a Tree-fern found at the Cape, was also seen 
by Gardner, at an elevation of 6000 feet, on the Organ mountains, 
thus showing a capability of enduring a great range of climate, and 
warning us against hasty conclusions on the subject of the temperature 
of the world at the coal epoch. 

Dr. Hooker thinks that the prevalence of ferns may be regarded as 
a probable evidence of the paucity of other plants, and the geruTal 
poverty of tlie whole flora which characterized the formation. He is 
led to these conclusions from observing the mode in which the ferns 
in Van Dieman’s Land and New Zealand mont)po]ise the soil, choking 
plants of a larger growth on the one hand, and admitting no under- 
growth of sm^er species on the other. In New Zealand he has col- 
lected 36 kinds of ferns on an area not exceeding a few acres; they 
gave a most luxuriant aspect to the vegetation, which presented 
scarcely a dozen flowering plants and trees besides. 

1186. Some have supposed that the plants of the coal fields have 
been drifted into basins, others that they grew in the spots where they 
are now found. Beaumont thinks that all the vegetables which are 
now converted into coal, grew in swampy islands, covered witli a 
luxuriant vegetation, wliich accumulated in the manner of peat-bogs; 
that those islands having sunk beneath the ocean, were there covered with 
sand, day, and shells, till they again became dry land, and that this 
operation was repeated in the formation of each bed of coal. The occur- 
rence of stems of trees in an erect state (fig. 810), appeared to him to 
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confirm the view that the trees were in situ. Ansted says, that although 
many trees are found in the coal meiisures in an erect or highly in- 
clined position, there is no reason for believing that they grew on the 
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spot where they are mot with, lie rather thinks that they have been 
caught or stopped in their passage down a rapid stream, and, like the 
snags in some of the great Am(»rican rivers, have been detained till 
the lower portion was firmly embedded in the rapidly forming sand- 
stone. Tlie imbedding of stems in strata of sandstone, is similar to 
what Gardner saw near the mouth of the liio San Francisco, where 
coco-nut trees were found with their stems immersed to tlie depth of 
50 feet or more in tlie embankment of sand which stretches aJong the 
shore. Phillips remarks, that the condition of the plants which com- 
])Ose the coal, the general absence of roots, the fragmentary state of 
the stems and branches, tlie dispersed condition of the separable organs, 
all confirm the conclusion that the plants have been swept down firoin 
the land on which they grew by watery ourrents, often repeated, and 
deposited in basins and large estuaries of the sea, or perhaps rarely in 
lakes of fresh water. 

1187. Fossil Plants of tho Socondair Strata. — ^The plants of the 
Secondary series of strata are different from those of the Carboniferous 
system. The Stigmorias, Sigillaiias, and Lepidodendrons cease, and 

Fig. 810.--Vertlcal stems of fossil treesi, Calamitcs chiefly, found in the Coal measures of 
Treull, near Saint Etienne. 
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are replaced by a few ferns and their allies. Plants of the Zamia 
tribe occur along with some ConifersB. The pinnated frond called 

Pterophylhm (fig. 811), appears to be- 



long to a Cycadaceous plant allied 
to Zamia, while Voltzia (fig. 812) 
and Peiice seem to be Coniferous 
genera. In the secondary formations, 
generally, there are no true coal fields, 
although carbonaceous matter, in the 
form of imperfectly bituminized lignite, 
is found deposited occasionally. Not- 
withstanding the absence of tru(‘ 
coal, the sandstones and shales of the 
Oolitic system contain numerous fossil 
plants, which in their form and char- 
acter seem to be a transition between 
the PaloBOzoic flora, and that of more 
recent formations. In the upper Oolite 
at Portland, there is a bed of earthy 
brown matter, about a foot in thickness, 
commonly known as the Dirt-bed, in 
which there is an assemblage of silici- 



■fied stumps of large trees (fig. 818). They are generally in an erect 
position (fig. 814), and appear to be in situ. They are probably Cyca- 

Fig. 81L«-^PteTQpliylliiin Flciningerii, apparently the frond of a fosdl Cycadacoons plant allied 
to Zuopla. 

Fig. S12.— Voltzia heterophylla, one of the fossil Conifene of tlie Trlassic system. 
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daceae. Plants of this natural family, in the form oiZamitea (fig. 816), 
MarUellia (fig 814), Cycadites^ and PterophyUum (fig. 815), may be said 



to characterize the fossil flora of the older oolite beds. These plants 
take the place of the Lepidodendrons and SigiUarias of the car- 
boniferous period. The stems are found without any leaves attached, 
but some suppose that* the fi'onds called Otopteris^ are the leaves of 
some of the species. The occurrence of these tropical forms seems to 
iidicate a warmer climate than now exists in Britain. There are (> 
existing genera of Cyoadaceae (T 1047). Two of these are represented 
in figs. 817, 818, showing the forms of the stems and leaves or fronds. 

Fig. 818.— The Dirt-hcd of the island of Portland, containing stumps of fossil Cycadaccm in an 
erect position. 

Fig. 814.— Mantellia nldiformis (Cycadooldeu), one of the silicifted Cycadacem of the Portland 
Dlrt-hed, 

Fig. 816.— PterophyUum Williamsoni, tlie frond of one of the fossil Cycadoccm. 

Fig. 81G.— Zamites. One of the fossil Cycadaceoe. 
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There are 5 fossil ones according to authors. The fossil Cycadacea' 
known up to 1845, and distinguished by specific names, amount, 
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according to Goeppert, to 78. Amongst these are 9 stems or stipes, 
65 fronds, and 4 fructifications. Tlie genera are: — 


Cycadites, 

Zamites, 

Zamiostrobus, 

11 

Sttnns, 

4 

Fronds. 

Fmctiftcatioi. 

2S 

n 

23 


4 



4 

Pterophyllum, 

!Nilsouia, 

23 


23 


12 


12 

— 



- — — 

— 




78 

y 

65 

4 


To this some add ManteUia and Palaeozamia. The greater number ol 
these is found in the Oolite and Lias. In the inferior oolites art* 
also seen peculiar Conifer®, belonging to the genus Brachyphyllum (fig- 
819), and a plant said to be a true Equisetum (fig. 820). '^Plie fossil 
Flora of the Wealden formation resembles in many respects that of 
the Oolitic system. Fronds of ferns, leaves of Conifer® (Sphenqphyllvm) 
and of Cycadace®, occur along with some Fucoids. There are also 
silicified coniferous trunks, and two peculiar genera called Clathrana 
and Endogemtes, The former is an arborescent plant, having its barh 

Fiff. 817.-^ycaB revohita, one of the 6i)ecies of Cycas of the present flora of tlie globe, with its 
seale-Iike and pinnate fronds. 

Fig. 818.<^i<4Eaniia pungens, one of the Cycadacea^ at present existing on the globe. 
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formed by the union of the bases of the leaves, and covered by dis- 
tinct scales. Tlie latter is apparently a Monocotyledon, perhaps allied 



to Pahiis. Some fruits, resembling those of Palms, are also found. In 
the Cretaceous system, tliere occur fossilhsed Dicotyledonous leaves 
and fragments of wood, markcid by perforations of marine animtds. 
Some of the Dicotyledons are Coniferous, otliers Cycadaceous. 

1188. FoHsil PlnnlH of the Tertiary Htrata. — With the Chalk 
formation, the ancient condition of organiz(^d beings appears to have, 
ended, and a new one coniinencos in the 1 ertiary series, llic j^kints 
nf the Pala30zoic and Secondary series are idl extinct. Tliose which 
occur in the tertiary are totally different from all that have previously 
appeared. With the chalk, Ansted .says, we close, as it were, one 
great volume of tljc history of animated crefition. Every thing up to 
this point belongs to the j)Jist; every thing on this side of it may be 
ranked among indications of the present. New forms, new types of 
organization, correspondmg to different habits and altered circum- 
stances, now rejilace those Avhich have passed away. The conditions 
under which animals and vegetables lived were changed, and a nevr 
<^poch commenced upon the earth. 

1189. Except a few doubtful fossils of the lowest organization, 
there are none common to the secondary and tertiaiy periods. The 
tertiary series are well seen in the south of Europe, Asia, and America. 
In Britain, the tertiary deposits arc met with in the London clay, in 
Hampshire and the Isle of Wight, the Suffolk and Norfolk Crag, and in 


Fig. 819. . limcliyphyllum, n Conifenms j^enus of the Oolitic system. 
Fij^. 820.— Kqui&etum eoluiniiarc, u fossil ^lecies of tlie Oolilc. 


608 


FOSSIL PLANTS OF THE TERTIARY STRATA. 


the Till of the Clyde. The London clay contains numerous fruits be- 
longing to many hundred species of plants. The first tertiary land ol* 
which we have knowledge, seems to have been richly clothed with 
plants. The strata are, generally speaking, rich in fossils. The stems 
and leaves appear to be those of Dicotyledons, little difiering from tlie 



plants of the present day (figs. 821-825). In the brown coal of this 
series, the structure of the wood is evident, and distinctly exogenous 

Figs. 821-825.— Structure of orclinary Dicotyledonous stems, to illustrate the appearances lire- 
seated by some tcrtiaij fossil woods. 

Fig, 821,— Portion oi a Dicotyledonous (Exogenous) stem cut ti’ansverscly. Natural size. 

Fig. 822.— Section of the same magnified, to show the occurrencu of large porous vessels. The 
ordinary Dicotyledons differ in this respect from Conifene. 

Fig. 823.— Longitudinal scc^tion of the same in the line a b, perpendicular to the medullary 
plates, shoiying a large porous vessel, and the rays appearing here and there among the woody 
tissue. 

Fig. 824.— Leaf of an unknown fossil Elm of the middle Tertiary epoch. 

Fig. 825.— Leaf of Comptonia acutiloba, an Amentaceous plant of tlie same epoch. 




FOSSTL ri.AXTS OF TJIE TEKTIARY STRATA. 


609 


(fipjs. 821-^^23), and tlKire are often associated with it leaves of 
J\)pliU's, Elms (fig. 824), and other forest trees. Tlie fossil plants of 
tlui of Sheppey have been examined by Bowcrbank, and have 
j(;d to the determination of several hmidred species of plants, all of 
I hem extinct, and all resembling those of warmer climates. Fruits of 
Nipatlites {Pandanocarjmm\ a fossil plant, allied to Nipa, one of the 
1 Simian aceffi ; llvjhtm^ a 5-scodcd fruit, probably Malvaceous; also 
the fruit of a Proteaceous plant, and of species allied to Canna, Cucum- 
and the LeguminostT. and CoriifeKc of the present day. To some 
ot‘ tliiiin the names of Cupa’not<le,% WethereMia^ and M'rnm- 

have btjen given. In some of the tertiary formations there occui* 
piectis of* ’vvood, which present the sti'ucture of that of Pepper-jdants 
and of Palms (figs. 826, 827), and tht‘.re are also leaves, which 
have th(‘ llalx'lliform appearance of Palm leaves, included under the 



!)aine ol' Falwachea (fig. 828). Specinums allied to (diara are also 
louiid, with their friictificatioii denominated Gf/rnf/ortftes. Above the 
tertiary strata, and forming a continuous series wn’th the formations 
of the present day, occur the sujierficiaJ deposits or the Pleistocene 
(Vxf/VTOir, most) group. Tliey are luscribed to the violent action of 
water, and are sometimes called Diluvial. 

1190. There have thus occurred in this earth successive deposits 
and creations of phmts and animals. These deposits have been vari- 

Kiff. S*2f!. — Sfotioii of a recent T\ilin steni, to slum its structure. Tilts dark dots mni kiiijr vascii- 
iai' bundles in the midst of cellular tissue. 

Fifj. 827.— A ijortion of the siunc magnified, to show the vascidar Itundles. 

I'il!;. 828.- ralinacites Laiimiionis. Leaf of a Monocotj'ledon rt?seiublin^r « l^alin. 

2 M 
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ously altered and distributed, but all have proceeded upon one grand 
and harmonious principle, and all speak the same language. They 
teU us of changes which have taken place during the preparation of 
this world for the abode of man, the noblest of the Great Creator’s 
works. Many are afraid to enter upon the investigations of Palaeon- 
tology, from a mistaken idea that they are at variance with Scripture. 
We need not fear, however, that in prosecuting our scientific researches, 
we shall ever arrive at a point where the knowledge of nature will be 
found at variance with the truths of Scripture. Tlie moie each is 
studied, the more shall we find occjision to admire the harmony that 
subsists between them, and the beautiful light of illustration wdiich 
they reciprocally shed on one another. 


For fuller details on the subject of Fossil Botany, consult Bronf^niart’s Plantes 
Fossiles, Hutton and Lindley’s Fossil Flora, Witluim on Fossil Plants, Goep- 
pert’s Fossil FernSf Goeppert on the Flora of the Brown Coal Formation, in 
Arbciten der Schlesichen Gesellscliaft for 1847, and in the Quarterly doumal 
of the Geological Society, Vbl. v., King’s Papers on the Coal F’ossils in the 
Edinburgh Philosophical Journal, Hooker’s Papers in the Report of the Geolo> 
gical Survey of Great Britain; besides Geological works, such as Anstecl’s 
Geology. 



APPENDIX. 


J.— On TiJE Use oj’ the AIicroscoi^k in liOTANJCAL llEsKA)u'Hr.s. 

1191. The Alicroscopo (u/x^o^, sni;iJl. nnd oKOTsa, 1 sec) i.s fin instrumcnl 
for cnabliwjjf the eye to see d’emuetly objects vvlfieli arc placed at a very short 
di.staiiee from it, or to .see rriiniitc objects that would otherwise be invisible* 

It ha.s been u.sefl with i^veat success iii the examination of vegetable stnicturo. 
To it wc arc indebted for a knowledge of the various vessels and cells which 
outer into the composition of the diiTerent parts of plants, the circulation of Huids 
and ciliary movcmenls, as well as for *1110 facts connected with tlic development 
of the embryo. It is .“.n instrument, however, which requires to be u.scil cau- 
tiously and the eoncAusious drawn troiu it ought to he carefully weighed, move 
(•sj)C(Mally when the oljsorvjitions have been made wdth high magnifying powers. 

1192. l.cnKe*i. — Jlcfore ])rocoeding to notice the construction of simple ami 

compound niicro.scope.s, it will be ad\'anlageous to notice the different kinds of 
lenses used, and the sources of error which require to be guarded against in 
their preparation. The chief fonus of lenses used are, the (iouble-couuex, with 
two pUuio-rouccx, wvOa owe face hat and the other concave; 

(ioMe-concave, with two CAmcave fiiccs ; and ylavo-convai’ie., with one flat and 
one concave face. Sometimes, also, a meiim-m is used, with a concave and a 
convex face, and a sharji edge. In the use of ordinaiy lenses, there ai'e sources 
of error from tlie form of the lens, and the nature oi* the material of wliich it is 
made. When parallel rays fall on a double-convex or a plano-convex lens, thc} 
arc brought into a focus at a certain distance : hut it is found that no lens with 
a s])herical surface caji bring the rays of light coming from one point exactly 
into the focus at another point. Hence arises what is called spherical aberra- 
tion. Moreover, the material of which the lens is made acts differently on the^ 
different portions of each ray, and separates the white light into different colours, 
which have various degrees of rcfraiigibility. This gives rise to chromatic 

colour,) aberration. To remedy these defects, certain combinations of 
glasses have been adopted, so that the light traveling one lens through the 
centre may pass through near the mjirgin of another. The confusion produced 
by these aberrations may be greatly diminished by diminishing the pencil of 
light ; for instance, by employing a stoj) or diaphragm, which lessens the aper- 
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;nre of the lens, and cuts oH' the peripheral rays. In lenses of low pcnvcr, such as 
ire used in the simple dissecting* microscope, these aberrations will not caus<* 
nuch confusion. It is only when high powers are required that these aberrations 
nuat be done away with, the aperture being increased without interfering with 
lefinition. The invention of Wollaston’s doublet uitli two lenses, and Hol- 
land’s triplet with three, was with the view of diminishing, as far as possible, 
these aberrations. In tliis, however, they were not successful, for coloured 
images were still produced. Their lenses were constmeted of the same kind 
of material; and it was afiorwards found that in order that lenses might pre- 
sent the object iincoloured, or be wJiat is called achromatic (at, privative, and 
colour), it was necessary to use glasses of two (lifferent densities. 
Achromatic lenses, or such as are nearly free from aberration, are constructed 
by placing together glasses of different di.spci*sive powers, and of different forms. 
The usual achromatic consists of a double-convex lens, made of plate (u* crown- 
glass, and a plano-concave, made of flint-glass, fitted accurately to it, and 
cemented by Canada balsam. Sometimes three lenses are used, the middle one 
being double-concave, and in tliat case they cannot be cemented. 

1193. Microncopew are of two kinds — Simple and Compound. P»y tlu; 
Simple microscope^ objects are viewed through a single lens, or through two 
or three lenses placed together, so as to form doublets or tri})lets. The glass is 
arranged so that it can be brought over the object, and adjusted, by moans of a 
rack and pinion, or by some other cojitrivanee, ro ils exaet focad distance, the 
object, when o])a(]ue, being seen by light thrown from above, and when trans- 
parent, by light transmitted from below. This instrument, when used with 
single lenses or doublets, is t].(^ best for ordinary botaiiieal investigations, luon^ 
especially for dissections. The c<»iubinalion of three lenses approaches too noai* 
the object to be easily used. A very high power may he obtained by meanK oi‘ 
the lenses termed Coddiiigton’.; and by doublets formed «)f plaiio-eonvcx glasses. 
The chief objections to the simple microscope are the fatigue attendaiifc on loiig- 
contiiiiied investigations, and the small field .»! view. 1;. tin* sim]>le iniiToscopc, 
glasses of the following fueal length.' may ’oc employed — vi/. , 1.]- inch, ! - 

and, if very mimitc objects arc to be examined, of j'„, or of an in<;h. 

1191. In the Compound microscupe there arc two sets of lenses, — the om* 
called the ohject-glass or objective, llic other the eijt-pitcc or oeiihu*. The fii^; 
receives the rays from the object, and bringing them to now Hiei, forms nn image, 
w'Jiieli tlio second treats as an original object, and magnifies it just as the singh 
microscjope magnified the object itself. In the <‘onstruction of the objec:- 
ghisse,s, great care is taken to render them achromatic. Those made by the 
inoi,i eminent Loudon makers consist of two or three componnd lenses, which 
eauiiot be used separately, but arc tixe<l together in a tube. In tlu; case of 
high jjowers, tlie object-glasses are also provided with an adjustment for the 
thickness of the glass covering the object to be view'ed. The eye- piece, 
also, must be so ibrmed as to be free from error. That used is called llnygheii’s, 
and consists of two plano-convex lenses with their plane sides toward tlic eye, 
and placed at a distance apart equal to half the sum of their focal lengths, with 
a diaphragm placed midway between the lenses. In this eye-piece, the len.s 
next the eye is called the eye-glass, the other the field- glass. The eye pieces 
S^plied with the best microscopes .ore usually three ; and they are so con- 
al&icted, that, with each of the object-glasses, they give a certain ampliii- 
C^Hbn of the object, the powers being in the proportion of 1, 2, and 3, or 1, i 
In the best microscopes there is also an achromatic condenser or 
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eclairage, through which the light reflected from tlie mirror pasaes. The am- 
plification by means of an eye-piece in the compound microscope enables us 
to use an object-glass of a lower power than would otherwise be necessary. 
This kind of microscope, when well constructed, gives a flat and colourless 
picture of the object, with clearness of definition. The observer can use it for 
a length of time with less fatigue than when employing the simple microscope. 

1195. In examining vegetable structures, an instrument magnifying 150 to 
200 diameters is usually sufiicient; but in some instances higher powers are 
re<iaired. Achromatic object-lenses of 1 and of an inch, are recommended 
as the most essential; and two eye-pieces should be provided, one of about 
and the other of 2^ inches in length. The instrument sboidd have both a 
coarse and a fine adjustment ; and it is of importance that it should be made 
to incline at an angle, or to stand horizontally. A moveable stage is also use- 
ful, so that the different parts of the object may be viewed without being 
touched by the fingers, and a spring-holder to fix the objects on the stage. 

[The following figure (829) represents 
an achromatic microscope of modem con- 
struction. It consists of a massive cir- 
cular foot; jointed pillar to admit of the 
instmment being used either horizontally, 
vertu^lly, or at any intermediate angle; 
rack-work adjustment, with sliding stage; 

Huyghenian eye piece; set of three ach- 
romatic object glasses, single lens and 
adapter, concave mirror, stage and spring 
forceps, animalculae box, glass slidei’s 
for receiving objects to be examined, ml I 

and pieces of microscopic glass for cover- i \ 
ing objects, with objects mounted in A 
Canada balsam on sliders. ||/ 

Directions. — The spot best adapted 
for microscopic observations is one free | |||| 
from tremor, where a good light, either 
from a white cloud, or Argand lamp, Kn 
may be obtained. The mirror, h, and ||||||| 
optical parts of the microscope arc to be iiili 

rendered free from dust by the careful 

use of a piece of cluimois leather, or hr 
camers-hair pencil; the toot, is to 
be screwed to the pillar, /, and the eye- 
piece, o, having been slid into one end 
of the body, a, and the object glass, i, 
or jf, being screwed into the other end ; 
the body is then to be firmly screwed 
into the arm, c, and the compound body 
inclined so as to bring the eye-piece, o, in such a position as to be opposite the 
eye of the observer when sitting in an easy posture. The adjustment of the 
light is the next step, and this is easily effect^ by tmning the mirror, A, imtil 
the light reflected by it passes through the hole in the centre of the stage, e, and 
the maximum amount will be obtained by now looking through the instrument, 
and slightly varying the position of the mirror, until the whole field of \ icw is 
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clearly illaminated. The object to be examined must be placed on a slip of glass, 
either with or without water, and a thin slip of microscopic glass be laid on it, 
and then placed on the stage, e, in such a position as to be exactly in the axis 
of the object glass or power employed ; the object is retained from slipping by 
the sliding-piece, p, which serves readily to retain the object in the centre of the 
stage ; the focus will now be easily obtained by turning the milled head, d, so 
as to raise or lower the body, a, as occasion may require, until on looking through 
the instrument the object appears clearly defined. If the object is very opaque, 
the light reflected by the miiror will be of no benefit ; it will, therefore, be neces- 
sary to throw a powerflil light on the object by means of the condenser, r, the 
pin of which fits into the hole at the comer of the stage, and to view it with as 
bw a power as possible. The achromatic lenses, 2, are used together for the 
highest power, but must be separated, and one only employed, if a lower power 
is required. The plano-convex lens, j\ is for use in dissecting small objects, and 
for mounting specimens. If the body, a, is removed, and the adapter, k, having 
the object glass attached to it, be screwed into the arm, c, the instrament wifi 
be converted into a simple microscope, well adapted for dissecting and examining 
objects to prepare them for mounting to be viewed by the compound body and 
higher powers. 

A more powerful instrument is shown by figure 830 . This has a compound 
body, sliding stage, revolving diaphragm, rack-w’ork coarse adjustment, tangent 
screw fine adjustment, concave and plane mirrors, double pillar support on mas- 
sive tripod base, two 
sets of achromatic ob- 
ject glasses } and J 
inch focus, shallow 
and deep eye-pieces, 
adapter for use in dis- 
sections, mounted con- 
denser, spring and 
stage forceps, box for 
live insects, selenite 
stage, micrometer, po- 
larising apparatus, and 
objects mounted in 
balsam. 

Desckiption. — The 
stand, or base, con- 
sists of a strong tri- 
pod, n, supporting two 
upright pillars, 
between the upper 
parts of which an axis 
works. This cames 
the whole of the opti- 
cal parts of the instru- 
ment, which can be 
adjusted to any incli- 
nation, horizontal, ver- 
tical, or intermediate. 
830 The stage, rf, <?, is 
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firmly attached to the axis, as is also the double mirror, f. The triangular bar, 
(/, has a rack on its posterior pai't, which is worked by a pinion, the milled heads 
of whicli are seen at ^ h. The body, s(‘rews firmly into the arm, 7, tire object 
glasses contained in tlie boxes, /, screw into the body at m ; the eye-piece, 72, 
or 0, slides into the other end of the body. The minor is plane on one side, and 
concave on the otJier, and is fitted with a universal movement, so as to be in- 
clined in any desired position. The milled heads, //, 7/, by being revolved, raise 
«»r lower the body, and constitute the coarse adjustment ; the fine adjustment 
is effected by turning the milled head, p. The object to be examined is placed 
on the stage, and retained in the required position by the sliding piece, c. The 
quantity of light admitted through the instrument may be modified by the dia- 
piiragm, r, which consists of a })late of* brass wdtli four ai)ertures of different dia- 
meters, made to revolve on a central pin or axis fixed to the bottom of the stage. 
In addition to the four lioles mentioned as needed to admit the requisite amount 
of light, the diaphragm is furnibhed w ith a fifth liole, into wdiich the mounted 
Nicol’s prism, a*, screws, forming the pohiriser; the analyser, 7, is screwed into 
the up])or part of the adapter of either, k or 7, previous to its being attached to 
the body, i. The polarisci*, .<?, is mounted in a double tube, so as to be capable 
of being revolved by turning tlie larg(i milled head at the bottom. The con- 
densing lens, Uf is for illuminating op<aquc objects, and fits by a pin, c, into the 
hole at the corner of the stage ; it is so fitted that it can be used in any required 
jjositioii or angle. The forceps, w, are for lifting small objects. The stage for- 
ceps, /r, fit the hole in the corner of the stage, '/, and serve to hold any opaque 
or transparemt object whih* being examined. The live, or animalculiv box, a:, 
is for retaining insects, in the field of view, and for the examination of a 
(l«)p of w'ater containing aiiimalcnhe. The adaptor, //, may have the object 
glass, L' or 7, sciwod into it, and be itself screwed into the aim, /, in the place 
of' the body, 7, w'lujii it is desired to form a Siinjdc Microscope. 

Among the objects furnished with the Microscope will be found a plate of 
selenite, wliich, if laid under many animal and vegetable structures while being 
examined by ])olariscd light, will cause them to assume the most gorgeous colours, 
although without this addition they may be peifcctly colourless. 

The achromatic object glasses, /j, consist of three phmo-convex lenses, and 
the set 7, of two. All of each set are used together when the highest magnify- 
ing ])Owcr is required, but where a lower' magnifying power is needed, one lens 
only may be used ; care must be taken not to mix the lenses of one set with those 
of the other.* — Editor.'] 

1196. Jflicroinetei*. — In measuring the size of objects, a micrometer 

small, and f4,srpovj a measure) is employed. The stage micrometer consists of a 
])iece of ghiss, ruled with fine lines by moans of a diamond point, at some knowm 
distance apart, such as the yi ,-, or yj,Vnt This is laid 011 the object- 

glass plate, and the substance to be mcasiu’cd is placed on it. It is necessary 
that the object and the lines should be seen at the same time, which cannot be 
alw’ays accomplished. The eye-piece micrometer consists of an eye-piece 
having a glass divided by lines, varying fi’om to y J 5 of an inch apart, placeu 
either in the focus of the eye-lens, or below the field-lens. Other kinds of 
micrometers are also employed, such as the cobweb micrometer, where, by 
the motion of a screw, fine wires or cobwebs are made to separate from eacli ‘ 
other. 

1197. MUcroacopic Apparatiis. — In de1ineatin||niinute structures, it. is usc- 
♦ Tliese two microscopes are manufactured by the publishersof this volume.— 
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ful to Jiave the image thrown on paper by means of a camera-lncida^ or small 
prism, which can be easily attached to the microscope, A polarizing apparatus is 
a useful appendage. In the apparatus sent along with microscopes will be found 
a compressorium^ for the purpose of applying pressure to objects whilst they are 
under examination, troughs for holding such plants as Ohara, which arc to be 
seen in water, and various instruments for the dissection and examiimtion both 
of animal and vegetable structures. In testing the power ol* tlie instruments, 
certain minute objects are used, such as the scales of Podura plumbca (common 
Spriiigtail), of Lepisma saccharina, of Hipparcliia Janira (common Meadow 
Butterfly), the hair of Dermestes, and Muscular fibrillaj.^ Certain markings 
occur in these test-ohjects wliich can only be seen by good microscopes. 

IIDB. In viewing objects under the microscope, they must be placed on 
slips or slides of glass, which should be of a uniform size, not less than three 
inches by one; and they should be covered with pieces of very thin glass, 
to jjjj of an inch thick, and about J of an inch square. Tlic slides ought to he 
made of thin plate-glass, and the covers of very thin crown or plate-glass. In 
examining recent vegetable structures, it is best to moisten them with water. 
When the parts arc dry, thin sections may be made either by means of slicing 
instruments, or by a sharp knife. " Many dry objects arc well seen when immersed 
in Canada balsam. To preserve objects in a moistened state, the substances 
used arc alcohol, solution of salt, alum and corrosive sublimate, water contain- 
ing a smjill quantity of creosote (6 grains to the ounce), and glycerine. Tlie 
objects, in such instances, arc placed in shallow glass cells, or they arc laid on 
the slides and covered with thin glass, which is cemented by means of japanner'h 
gold size, or black japan vaniisli. 

1199. Hlfttoloicy. — The study of the microspic structure of organized bodies 
is termed IVistology or Histiology (/erroV, or /err/oi^, a web, or tis.sue). In the prose- 
cution of it, it is necessary to have good microscopes, such as those construeted 
by Powell, Ross, Smith and Beck in London, Oberliaiisc & Chevallier in Paris, 
Ploesel in Vienna, Schiek in Berlin, or Prauenhufer in Munich. It is not enough, 
however, that the instrument should be good; tho student must also know iJu? 
mode of using it, and of manipulating. Hence the importance of courses of in- 
struction in this department, such as those given at various medical schools. 
Constant practice is required in order to avoid sources of fallacy and incoiTect 
observations. The instrument must be steady; sill dust must be carefully 
avoided, the lenses and glass-slides being well cleaned with such matca’ials as 
well-washed linen, which will not leave any adherent particles. The illnmina- 
tion ought to be good. The best light is that derived from a white cloud. When 
the sun’s light cannot be used, then a sjairm-oil lamp -vvith a shade may be 
employed, the light being concentrated by a condensing lens. In viewing opaqu(‘ 
objects, an additional supply of light is obtained by having a concave silvered 
speculum, called a LieberkUhn, attached to the oi)ject-glas8. The mirror of the 
microscope ought to be placed near the stage, in order that tho rays may reach 
the object before crossing. Certain parts of objects may be rendered more vis- 

"^ble by the use of «iagents. Thus, iodine gives a blue colour to starch, and 
usually a brown cx)lour to the cell-nucleus and to the ccll-mcmbranc ; while sul- 
phuric, nitric, and acetic acids, and ether, act by removing some matters which 
« obscure vision in particular instances. 

1200. Dr. Allen Thomson remarks, that, in conducting microscopic obsen'a- 

♦ For Drawings of tliese FibriHe, see Paper l>y Mr. W. Murray Dobic, in tlie Annals of Natural 
History. February, 184l». ^ 
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tions, it is proper to begin the examination of any struoture with the lower 
magnifying powers, and then to pass from them to the higher; and at all times 
to prefer the lower power when possible. The light passing through the in- 
slrurnent should be moderate, and the eyes ought, as much as possible, to be 
screened from external liglit; the instrument ought to be placed at such a 
height, and in such a position, as will prevent either stooping in a constniined 
attitude, or fatigue iVom long-continued obseri'ation. In accpiiring proiiciency 
in the nncroscoi)e, the 8tu<lcnt will find it casuist to begin with the various 
forms of cells in Conferva^- and other simple cellular plants, and then to proceed 
to the vascular tissues of higher plants, directing his attention first to the sec- 
tions of the softer parts, and then to various kinds of woods. From this he may 
pass <jii tt) the structure of the leaves. Hoovers, pollen, seeds, and .spores, and lo 
the })h(iiiomena of foenndation, and the movement of fluids in plants.* 

H'Ical IhiErAiiATioNS. 

1201. The following is a list of some of the preparations used in the Botan- 
ical (-lass at Edinburgh, for illustrating vegetable structures: — 

Cdlnhir yY.s\sv<c.~ Section ol’ pith of Elder, section of Kice-Paper plant, nu- 
cleated colls in the Oni(m P>ulb, in Jnngerniannia bidentata, stellate cells 
of Junciis, hairs of Cottmi. 

(\'lJn1ar Plants. — Conferva, Diatoma, Isthmia, Licmo])hora, Closteriiim, Ua^- 
nialococcns, Praptirualdia, IMeloseira, Schizoneuni, ISpha-roplca, Bickicia, 
Uivularia, 8pirulina, Ulva, Anabnina. 

Sjdral Cells. — Oncidium, .hingermannia, Epis})erm of Salvia, Oollomia, 
Acanthodiiim, Lopbospcrninin, Coba\‘i, wdng of the seed of Calempelis 
sealKT. 

IVoodf/ Fibre, — Hoot of Elder, Flax, Hemp. 

Spiral VessiF. — Canna bicolor, Nepeiitbes, Banana, Cactus, Hyacinth, As- 
paragus, Balsam, brandling spirals in Misletoc and Long-leek. 

J^orotis I ^essels. — Sugar-c-ane, Kejieiitbes. 

Annular I'cnsc/n. — IJ oot of Opinitia. 

Scalarifonu Vessds, — flsmiinda, Asplenium, Cheilanthes. 

Laticiferous Vc.^.^eLs. — Ficus clastica, Euphorbia, Tragopogon, Chclidoniuni. 

Cuticle. — Pelargonium, Oncidium, Wheat Straw', Eqnisetuin. 

(Pawh and Scales. — lA'al'of Mentha, Aloysia, Ela^agnus, Sweet Briar. 

Hairs. — Cynoglossum, Sterculia, Coldlh.ssia, Trichinium, Stifiltia, Alyssum, 
Tradescantia, Antirrliiiiiim, Deutzia, Nettle, Ciiinese Primrose. 

Stomata. — Ifyacinth, Begonia, Oleander, Lilinm, Eqiiisetum. 

Starch. — Arrow' -root, Toiis-lcs-mois, Potato. 

Raphides. — Hyacinth, Rhubaii), Anim, Onion, Balsam, Cactus, Ficus. 

Vertical Section of Leaf. — Oleander, Ficus. 

Leaf and Root- Appendages. — Bladder of Utricularia, sheath of Lemna. 

Exogenous Stem and Root. — Clematis, Chestnut, Alder, Poplar, Willow,^ 
Eider, Birch, Bread-fruit Tree, Bauksia, Bignotiia, Drymis, Ebony, Fir, 
Pepper, Cedar, Norfolk Island Pine, Savin, Oak, Elm. 

Endogenous Stem. — Palm, Cane, Sugar-cane, Coryj)ha. 

A erogenous Stem. — Tree-fern. 

* For full details ua to the construction of microscopes, and the mode of making preiJai*uttons, 
consult (iiielictt’s “ J’raptical Ti’catisc on the use of the Microscope.” Loudon, 1S4S. 



[il8 MODE OF COLLECTING PLANTS — ^INSTRDMENTS. 

Pollen. — Acacia, Lily, Pscony, Passionflower. 

PoUen-Tvbes, — CEnothcra, Antirrhinmn, Linaria, Eschscholtzia, Gcsnera. 

Ovulesi. — Vallisneria, Anncria. 

Embryo, — Tropacolum, Praba. 

Section of Indurated Cells , — Seed of Ivory-palm, Doom-palm, Betel-palm, 
Tcrminalia, endocarp of Coco-nut, ])ericari) of Attalea, scale of cone oi' 
Stone-pine. 

Spores.^ §*c. — Equisctum, Fern, Moss, Junpermannia, Peziza, Af^aricus, 
Tyndaridca Thwaitesii in conjugation, Cylindrocyatis and Zygnema in 
conjugation, spores of Fucus canaliculatus germinating, Spermatozoa- cells 
of Ohara. 

Fossil Exogens, — ^WTiitby, Craigleitli, Twccdmill, Longli Neagh, Kergiie- 
lens-land, Oliio, Scarborough, Allcn-Bank, Folkestone, Egge, Norway, 
Harwich, Botany Bay, Newcastle, Isle of Thanot, Lenncl Braes. 

Fossil Endogens. — AntigTia. 

Fossil Diatomacew , — In Premnay Peat. 

Section of Surturbrond Lignite. — Iceland. 

Seciw'm of Brown Coal . — Devonshire and Hessia. 

Sections of Coal, — Lesmahagow, Newbattle, Monkland, Arniston. 


II. — On Collecting and Examining Plants, and on the Fokjviation of a 

Heubauiubi. 

IniBirumciit* and Apparatnii. — In examining the characters of 
plants with a view to classification, llic chief instruments required are a 
lancet-pointed knife, a small pair of forceps, and a lens. In more mitiute 
examinations, the simj)le or compound ini(;roscope must be called into re- 
quisition. lu selecting specimens, care should be taken to liave the plants 
in a perfect state, or with all the characteristic parts present. Thu entire 
plant should be taken when practicable ; wljcn tliat is not the case, tlicn those 
paits should be taken on which the generic and specific characters arc i'oundcd. 
The roots should always be carcfidly washed at the time the plants are gathered. 
In most cases, particularly in specimens of llmbelliferaB, J^eguminosm, Compositjc, 
Bosse, &c,, it is of importance that both flowers and fiuit should be preserved. 
In the case of Willows, the young shoot, with its fully developed leaves, as well 
as the male and female flowers, arc requisite. In Kubi, specimens of the young 
shoots must be taken. When Imlbs or tubers exist, they should bo i)reserved, 
either in an entire or split condition ; and when there is much mucilaginous 
matter in them, they may be enveloped in small pieces of paper, so as to prevent 
them from adhering to the drying paper. In the case ol‘ Ferns, two fi-onds art‘ 
necessary to make a perfect speciracn, showhig both surfaces, along with a 
{portion of the rhizome. Entire specimens of GraminesB, and Oyperacca^., should 
be collected ; these, when long, may be bent into one or more folds, correspond- 
ing to the size of the paper on which they are to be fastened, the folds being 
temporarily retained by small slips of paper having slits in the centre. No bad 
specimens ought to be preserved. Hie size of the paper recommended for 
forming a herbarium is about 17 by 10^ inches. It ought to be stiff paper fit 
for writing upon. The size of the paper will determine that of the specimens 
to berried. 

;; 1203. In taking up the roots of plants, a small Digger or trowel is used, 7 
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or 8 inches long (fig. 831) ; the spud 2^ inches long, 2| inches wide at the 
top, narrowing gradually to 2 inches at the bottom, the 
lower angles slightly rounded. This can be put into a 
leather sheath, and fastened by a strap round the waist, 
the spade itself being attached to the strap by a long string. 

A japanned tin box or Vasculum is required for the recep- 
tion of specimens. Tliis should be of sufficient length to 
receive a plant of the full size of the herbarium paper ; it 
ought to be convex on both sides (fig. 832); and its capa- 
city may vary accoi*ding to the wish of the collector. In 
long excursions, where productive localities are visited, it 
will be found that a vasculum 20 inches long, by 8 or 9 
inches wide, and 5 deep, is not too large ; and when it is 
made of thin tin, it is by no means heavy. At one end a 
good sized thickish handle should be placed, 
and it is necessary to have wires fixed at 
each end so as to receive a strap for fasten- 
ing the vasculum on the shoulders. The lid 
of the vasculum should be large, and is best 
secured by a wire which slips into a tin 
sheath, and so constructed as not to be liable 
to slip out when the box is held by the handle. For mosses and some Alpine 
species of plants, a small box may also be carried in the pocket. Many plants 
will not bear transport; their flowers fiill off easily, and they are so delicate 
that their foliage becomes shrivelled. In such instances it is best to put them 
at once into paper. This is managed by having a small Field-hook (fig. 833), 
which may be put into the pocket or suspended 
round the nock, secured by straps so as to give 
pressure, and with an oil-cloth-covering which 
may be used in wet weather. This field-book 
may be made with two thin mahogany boai-ds on 
the outside. 

1204. The Paper for drying should l)e mo- 
derately absorbent, 18 inches long by 11 broad, 
and arranged in parcels containing not less than 
four sheets. The paper which is used exten- 
sively in Scotland is made by Mr. Weir, Queen- 
Street, Glasgows In many respects the Edin- 
burgh botanists prefer it to Bcntall’s. It is of considerable thickness, absorbs 
moisture rapidly, but does not become too moist, and dries easily. A very thin 
kind of paper, called crown-tea-paper, is used for holding veiy delicate plants, 
which (^nnot be easily transferred from one paper to another during drying. 
After being carefully laid out in tlie folds of this paper, they are placed between^ 
the sheets of drying paper, and when the paper is changed they are transferred 
at once in their thin cover without being disturbed. 

1206. In order that pressure may be given, Boards are requisite. These j 
should be exactly the size of the drying paper. Some of them are used 'for 

FJg. 831.— Digger or spade used for botanical purposes, 7 or 8 Inches long. 

Fig. 832.— Form of large vasculum or botanical box, convex on both sides, and about 20 inches 
long. 

Fig. 833. —Form of field-book containing paper for pressing phuits daring an excursion. 




6jifJ PRESERVATION OF MOIST SPECmENS. 

boards, and these ought to,be thicks and stronger thffii.the rest ; others 
are ii^e boS^; 'hbont | of an inch thidi:. For every two reams of diying 
pifier, not less Hbkn ten hoards shall be procured ; two of wliich are for the 
oatinde, and eight for the inside. Sheets of stout pasteboard are also useful 
for packmg up the plants as they become dry. The pressure is best applied 
on a botanical excursion by means of a rope put twice round the boards and 
paper, and tightened by a rack-pin. This is much better than straps, which 
are apt to give way, and are with difficulty replaced during an excursion. 
In other circumstances, pressure is best applied by means of heavy weights. 
The pressure ought not to be less than 100 ^ lbs. This is preferable to a 
screw-press, in which the pressure is not kept up while the plants are losing 
thdr moisture. In the case of plants with strong stems, they must cither 
be split, or a sand-bag, of the same size as the boards, used, so as to equalize 
the pressure. 

1206. JProceM of Drying. — ^Thc plants when collected arc to be placed on 
the drying paper. In doing this, a parcel of not less than four sheets is put on 
one of the outside boards; then the specimens are laid out carefully, preserving 
as far as possible their natural habits, and laying out the leaves and other parts. 
Another parcel of drying paper is then placed above these, and the same pro- 
cess is repeated with other specimens until twelve such parcels have been placed 
together. Then one of the inner boards is laid down, and other layers of paper 
and specimens are applied, until the whole parcel is of sufficient size to be sub- 
jected to pressure. After twelve hours pressure, in most instances, the paper 
is changed, the moist paper being hung up to dry ; and in transferring the spe- 
cimens from the wet to the dry paper, a large pair of surgeon’s forceps is used. 
The interval elapsing between the changing of the paper may be increased or 
diminished according to the nature of the plants, and the state of the weather. 
In the course of eight or ten days, ordinary specimens will be so dry as to 
require only veiy slight pressure, with a moderate circulation of air. Some very 
dry plants, as grasses, may require only one changing. Some very succulent 
plants require a long period of pressure, and constant changing ; and many oi' 
them, such as Stone-crops, must be killed by immersion in boiling water for 
five or ten minutes. Orchideous plants should be put into warm paper, and 
changed fi^qucntly, with the view, if possible, of preserving their colours by the 
rapidity of drying. Scarification has sometimes been adopted with the view of 
allowing the juice to flow out rapidly. At the time the si)ccimens are laid out 
on the diying paper, a label should be inserted with the date of collecting, the 
name of the station, its elevation above the sea (if it can be asceitained), and 
any remarks as to soil or geological structure tliat may be known. With the 
view of transporting dried plants securely in wet weather, it is useful to have a 
supply of oil-doth to cover them. 

1207. Mosses may be collected in excursions in tufis, and dried by moderate 
tiuressure at first. They can afterwards be separated, moistened and dried with 
; greater pressure. They ought to be gathered in fructification. Lichens some- 
" times require to be taken with the ro^ or stones to which they are attached, 

and they may be merdy wrapped up in paper. Sea- weeds must be washed with 
water before being laid out. The more ddicate kinds are floated out on 
of stiff papm*, and afterwards dried by moderate pressure. In preserving 
fillip such as Agarics, &c., a thin slice is taken from the centre, extending from 
the pileus to the base of the stipe. This is dried separately to show 

liiUnA nr.nnrM Rro TKn Innw nollnlar nnrfion of the pilcUS and StipC is then 
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T!nuTitri6ir(Tni!il|(|[prw)MM^ wipvMm'SBi enui^fOTlo pIMPRI 
Mosses, Licheiis, and Sea-wccds in a state <lQbra%4itoi!flp. l^%e^ 
of Sea- weeds, it is necessary to avoid such speciuiim%ilil'&i^h^|^^f' dc^f^ 
Those wliieli are taken should be spread out in the shade to dry, witnout wash- 
ing th(!m with I’resh water, and when quite dry, packed loosely in a box. Many 
s})ecie.s arc found thrown upon the beach, and the pools in tlie rocks at low water 
are often filled with excellent specimens. The stems of the larger Algte arc often 
covered with parasitic species, which should be dried without separation. 

1208. When the specimens (Mdiether riianerogamous or Ciyptogamous) are 
hilly dried, they arc then selected for the herbarium, and arc fastened upon fine 
stiff pajier, 17 inches hy lOJ. Jn large herbaria, which arc constantly con- 
sulted, the best w ay of securing the sj)ecimcns is by means of fine thin glue ; 
rhe plants, after tlu; glue is ])nt on them, being made to adhere to the paper, by 
])ressure between folds of drying paper. Some use gummed jiaper, others use 
thread or naiTow ribbon, by means of which the specimens arc sewed to the 
pai)er. In herbarium-presses, oaiuphia* is employed to prevent the attacks of 
insects. The specimens niii>l he kept dry, frequently examined, and when 
insects are ])rcsent they may he touched with an alcoholic solution of corrosive 
siihlimatc. 

1201). ?<pccliiic!ii« in a inoiMf Mfatr. — In preserving fresli specimens of 
fruits, and the other paits of plants, the best mode is to put Ihem into a satu- 
rated solution of salt and w’ater. They can thus be sent home from foreign 
countries in jars or barrels. In making .a museum of such specimens, they 
are put into glass jars, the sizes of which should be regular — 4, 8, 12, and 16 
iiichi's high, with a diameler varying according to the size of the specimen. 
'rh(‘ glasses may be filled with the following solution, which is nearly the same 
as that used by Goadby, and which seems to answer well in most instances: — 


Hay sail, 4 ounces. 

Hurnt alum, 2 ounces. 

Corrosive subliinatc, 20 grains. 

Hoilhig water 2 quarts. 


Dissolve and filter the solution. Spirit is often used, but it usually makes all 
( olours alike brown. It is useful for delicate specimens which ma required for 
dissection. Diluted acetic acid may be employed in some cases. The mouth of 
the glass jars may be conveniently covered with Indian rubber, or in the case of 
glas,scs of’ small diameter, with a watch gla.ss secured by scaling wax. 

1210. when sent from abroad, should be collected perfectly ripe and 

dry, and if pos.sible kiqit in their entire seed-vessels. Small seeds may be folded 
in cartridge paper, and should be kept in a cool and airy j)lace during ti’ansport. 
Large seeds abd oily seeds, which lose their germinating power speedily, are 
best transported in earth. A box about JO inches square, with the sides J of 
an inch thick, aiiswei’s well. In this may be put alternate layers of earth 
seeds, the whole being pressed firmly together. Living plants are best traus- 
j)oi ted ill Wardian eases (^1 297), and seeds or fruits may also be scattered in 
the earth of the cases. Bulbs and rhizomes not in a state of vegetation, cattjj^l 
of succulent plants, as aloes and cactuses, and the pseudo-bulbs of Orchideous 
plants, may be put into a box or barrel with diy moss, sand, -peat, or sawdust. 




INDEX AND GLOSSARY, 


%* Tlie Iiuiex is intended to serve us a GlossJiiy. Ilefercnccs are nnulc to the Parmrmh^h 
wliicli tlic tcnns are (!X])lained, and the ineaiiiiif; of several names not noticed m inc text 
is given in the Index. 


rtxragrnph 

Abaxia) or abuxile <>02 

Abbreviations 7L‘» 

Aberration, .si)heru al 1102 

cbroinatie 11!I2 

Abies i 

Abietiiiea*. 1(4;J | 

, Region of 1102 

Abiionnal I2lj 

Alxution or non-d(!velop- 

nient 9.S9 

Abrupt, bl imt, see 'rnuieal e. j 

Absorption of iiiikls by 


plants 



Inorganic 

matlcrs .... 

231 

Acacia 

1.17,852 

Acjiiithacea'.... 

970 

A(;aiithodiuin 

971 

Aejuitlms .... 

971 

Acaiiles 


.Vcrrliniatizing 

ofpliint.s ...116S 

Aecreseeiit . . . 

31)7 

Aewetc, grown togetlier. 

Aeeumbent... 

601 

Aecraccje 


Aecrosc leaf, 

narrow and 


slender, with a sliaii» 
point. 

Anb^iimn^ 541 

lird, (ii!) 

CTyrr???" i]2!i 

Aclinis p:i7 

Aehronmtie 11*J2 

Aeieiilar tm IflO 

Aidds, Organic 320 

Aclnaeilbnn ir»o 

Acinus, 01U5 of the divisions 
of the fiTiit of the Kasp- 

herry o45 

Aconita or Aeon i tina 740 

Aconitum 740 

Acoroa? 1090 

Acorua Calamus 1091 

AcQtjjjiiJlllQues ,W, J104 

Acotyiedonous stem 71, 102, 107 

Acrainphibrj^a 736 

Acrobiya 1104 


Parapraph j Vuragraph. 


Aerocaiiu lllo 

Alkanct 9.^9 

Acrogenous stem ..71, lO-j, 107 

Alligator pear 994 

Actinenehyma .I 

Alls]»ii-e 867 



Acute, 8liariH*“iuted. 

Adam’s needle, 7.. 1076 

Adaiisonia 784 

Adherent 160, 40S 

Adhesion of Organs ({*>2 

Adiiate )60, 40S 

Adpressed haii-s 60 

Aduncous, crooked or luKiked. 
Adventitious ieaf-buds. . . . 196 

Aloe, American 1071 

Aloes 1076 

Aloes- wood lOOJj 

AloiiiciV 1075 

Aloysia 969 

Alsinaecous eorolla 378 

Alsiiiefe 778 

Alsodeica- 768 

Alstromeriea^ 1070 

Aerial st<*.rn 70 

leaves 134 

A'^sculiis 807 

3?tmopia^/ily 1091 

Athnitv 701, 1147 

Agumous 3H9 

Agariciis. 1124, H2"> 

Agathotes Chirajda 949 

A iroviino 

170 

AJ^^paccie 1033 

Aluiniuu ill the soil 236 

Alveola, a pit or socket. 
Alveolate, like a honeycomb. 

Amadou 1125 

Amanita 1124 

Amaraiitliaeea' 984 

A mai7 liidaeea* 1070 

Ages of trees 79, 635 

Agglutination of cells .... 13 

Aggregate 541 

Aggi’egate fruits fttS 

Air-cells 21 

Air-plants, 121, 251 

Akeefniit 807 

Alabastnis 354 

Ake 379 

A limgiiweip .8(i4- 

Amentum. 334 

Is Dode- 

eatheon 975 

’ Aniomimt 1060 

Ammonia, source of nitrogen 215 
Ammoniacal liquor, as a 

maniu'u 246 

Ammoniacal mamiri's .... 24;! 

Aminoniaeum 891 

Ainnifis . , , 463 5SO 

Aujumrai 5S7, 5KH 

Amiiiotic sac 504 

AnHInmous 587 

Albunmm 78 

aTOFvvVT 1036 

Algro 1127 

Algology, the study of sea- 
weeds. 

Algarohu-bcan 851 

Alismacem 1086 

Alkaloids 321 

Aiiipelideaj 813 

Aiuphihious plants 1139 

Ampbibrya 1047 

Ainphigaina: or 

)Amphisarca,im indehiscent 
inultiloculur fruit, like 
that of the Baobab. 
Ajjgntrojjjd 468, 603 
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ParagrayU 

Ampto^caiil ]i)9 

Arapmsc ^ }‘i0, 1(>4 

AmygdaU‘«p 854 

Amydgalinc 310, 855 

Amylaceous, stareliy. 

Amvritlaceai 844 

, Region of ...1365 

Anueardiuceas . . 1 842 

AnacycluH i)17 

Anagallis 875 

Analogy 

Analysis of soils 238 

Anamlrta 747 

Ananas 1074 

Anastomosis, the union of 
vcinsi. 

Anatomy, vegetuble 1 

Anati’Opal 4fi7, 584 

407 

'-edged. 

Aiidifu 850 

jVndruec'iuni 3U0 

Androgynons,in liorescciice 
consisting liotli of male . 
and feiiiiile flowers. 

Andn>idiore 309 

Aneinunea' 730 

Anctlium 802 

An^tuosc 406 

A^elica 800 

Angienchyina 28 

Angios])eniue 081 

Angiosixinnous 576 

Angiistiseptaj 760 

Angustura or Angostura 

bark 828 

, False 947 

Anise 892 

Anisostemonous 302 

Aniiotinus, a year old. 

Annual.. ...' 633, 713 

Annular cells 11 

vessels 35 

Annularia 1180 

Annulate ferns I1U8 

Annulated I'oot ..125 

.Anomalous, unusual. 

Anonaceaj 744 

Anterior, apidied t(j parts 

ofthefloM'er 

Antbeinis 017 

Aiitlier 305, -Wri 

, colour of 413 

, coverings of 403 

, .:..lnseencc of 

development fifT*.". . wi 

, form of lobes of 406 

, union of 417 

Antbericcat 1075 

Antheridium 427, 402 

Antbcsi.s, opening of the 

flowers S54 

AnthocariMms 538, 556 

i^ntliodinm 336 

Ahtliotaxis 324 

Antiuris 1022 

Antica* 412 

AntiJThiuideai 964 

. . 603 

XjIRnSj^nnic 605 

Apetalous 1 64. 

Aphyllantlieie 1075 

Apiacese 888 




Paragraph 

Apicular 530 

Apicu late 528 

Apotbecia 1119 

A j»pendicular organs 57 

App(‘ndiculati‘ 3S3, 398 

Apple 

Ai»press<*(l bail’s (lO 

Apterous, without w ings. 

A(inatie plants 1139 

A(injfolince8e 934 

Aquilaiiucca* RK)3 

Arabine 30i{ 

Araoeaa I(»90 

Araliacea* 894 

Araucaria 1044 

Araucarites 1184 

Arborescent 68 

Arlx»r-v!Ue 1044 

Arbutus 02' 

Archegonium 492 

Aidnl 1121 

Arctium 916 

Arctostaydiylos 027 

Ai'cuntc, cun ed like a Ik 

Anlisia 038 

Arcea b»8-l 

AreciucJU 1083 

Aniolate, dhiUed into dis- 
t angular space 

Argel W 

Arillode 581, 996 

5SI 

Arineai 1090 

Arista, an aiwii, ns in . 

grasses 1007 

Allstate 1007 

Aiistolociiiacca* UM)} 

Amieiia 977 

Arnica 017 

Aniotto tiiinily 766 

Anucaeba. 890 

AiTow’-niot 1062 

, lira/iliai) lOlS 

, spurious 1046, 1060 

Artantlie ........ tv 

Artemisia 917 

Articlioke 916 

, .lerusalem 917 

Artificial System 715 

Artocariieie 1019 

Asarabacca 1010 

Asarum 1010 

AsceiuUiig omie M71 

Aseberson on Cytogenesi.s.. 22 

Ascidiu 164 

AsclejaadiU'cie 942 

Ascomyeetes 1123 

Ascus 459, 

Ash 941 

Ashes of plants 220 

Bean, I'ca, and 

Ryc-drass 228 

Oats 223 

- Wheat .... 

Asparugeie .1(175 

Asjiarugns 1076 

Aspen 1034 

Asphodeleie 1075 

Assafmtida HDL 

Asteracem 910 

Asters, Region of 1155 ^ 


J’arnpyajih 

Astragalus H 50 

Atberospcnnaceu! 1027 

Atractenchynia 

Atriplex 987 

Atropa 961 

Atropia. 961 

Atoo^w^ir ati'opiil 4(15 

ATta^^Ttoscs 855 

Aiicubn 89(i 

AurantuK•ea^ 795 

Auricula 975 

Auriculate 15o 

Autumn Crocus 107s 

Avellaiio 9J>s 

Avenia 

Avocado Pear 991 

Awl-shaped, see Subulate. 

Awn, sec Arista. 

Awned, sec Aristnte. 

Axe-shaped, 15 

Axial . 

Axil 110 

Axile 440, 6(>2 

14^), 160 

AXis^Wciiding 
dt'Hcending . 

, floral 325 

Azote, source of 215 

Azotized mattt*r in plants,. 311 
, Products 31 (» 

^Vzalea 

Babul-wood 852 

Bacca 55o 

Baccate 

Balaiio])horacoie 1102 

Balaiista 550 

Balm . 

Balm of Oil cad 845 

Balsam, bursting of seed- 
vessel . 

-family sjo 

'Of(\)j»aiva 851 

of T\ 

-of Till 11 8.50 

-ofUiniri 810 

Bulsamaceju |0;-{;5 

Balsamiiiacea; 8 19 

BHlsamodcndron , 

Balsams.. 

Bamboo Iloo 

Bananii 1064 

Bnnanas, Region of 1160 

Baiie-beny is Acta;a 739 

Jhiiiksia..' 998 

Banyan 

Baubab 784 

Barba docs Cherry soj 

Barbaiioes Gooseberiy .... 8S j 
Barbed . 

Bark : 72, 82 

, false, in Endogens 

, functions of 109 

^ mode of its increase.. 8r; 

, rupture of 

aeparation of emter 

layers of. 

Bark-breufl 1041 

Bark, l*enivian 903 

, false 903 

, fever 903 

Barley 1142 

Barosma 828 

Barringtoniea* 866 
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Paragraph 

IJany on Cell-fonnation . . 22 
iiHMil, src Husilur. 

JiuHcs, or^iiuk' '*121 

JtaHidin 1122 

Basil J«J7 

Basilar 401 

Bassia 9.17 

Bassorin SUM 

Bast, or Buss 2'.>, 7K8 

Bast lay or Sil 

Batatas U.OU 

Bay-Laurel 8.0.5 

Beaded vessels 27 

Beaked, haviDjf a loiiij 
sliuri) point. 

Beau S.5U 

Beau-caper H2f> 

Bearded 

Bcbccm 9M 

Beech KW: 

Beech- drops UdM 

Beet 987 

Beet-suRur MUd 

BeKoniaceie 992 

Bcll-shape.(l MHO 

Belliuloniiii 9dl 

Belvi.shn-e.r 874 

Be.npil Hemp 8.50 

Ben-nuts H.5M 

Bent or Murrain 1101 , 

Benzoin 9M2 j 

Berheriduccit* 74S 

Berberry or Barberry fa- 
mily 748 

Bergamot 790 

Bcnied, see Ba<H‘ate. 

BciTy /iAO 

Betel-nut palm 1084 

Betel or Bcitle-peiiper 10M2 

Betuiineie 10.‘IM 

Bhauff 1020 

Bicoraons, buvina- two 
liom-like processes. 

Bideiitate, having' two 
teeth. 

Biennial OMM, TIM 

Bifarious, amiiiged in two 
rows. 

Bifid M72 

Biforines, raphidian cells 
w'lth ai>ertiu'cs at ea(‘J 
end. 

Bifurcate 400 

Bignoniaceie 9;50 

Biiugate loM 

Bikh 740 

Bilabiate 282 

Bilamellar 457 

Bilateral 4.50 

Bilhnbifmlt 821 

Bilocubu* 

Bindweed family .. 

Bipartite 372, 454 

Bippinnate 152 

Bipiniiutifid 147 

Bipinimtipartite 

Biporose, opening by 
round holes. 

Birch 1030 

Binl-lime 899 

Bird-pepper JMi'l 

Birth wort family 1009 

Biscuit-root 1070 

Bisurrate, doubly serrate, 


Paragraph 

the larger scrraturcs 
being sci-ratcd, see Ser- 
rate. 

BisBirt 091 

Bltenmte 154 

Bitter-Alimmd .. 

Bitter- Apple 872 

Bitter-Sweet 9151 

Bivalvular 5M0 

Bivcic. 700 

Bl.uk-Alder 841 

itluck-Bryony 10.50 

Bkulder-mit 839 

BJadder-Simiia 850 

Bladder- wort 97*3 

Blade of leaf 

Blamdiing .wTTiln 

Bhitting .507 

Blight 05)2, 1 120 

Blo(Ml-r<»ot 10<;9 

Boards for pressing plants.. 120-5 

Bohun-rpas 1022 

Bole, the trunk of.a tree. 

Bonibaceu* 78M 

Bombax 784 

Bones, as a mamire 240 

lioHplandia 

B(»rage 959 

BiiragiimeciV. 958 

Boiussineai 1082 

Borneo-Cainplu 

Botany, objeet <lefined .... 1 

^ departnunits of. ... 1 

Bothrcncliyma 10, 20 

Botth'-lioiinl . 

Bond leric’s method of pre- 

sei-ving timber 270, 099 

Box-tree 1018 

1 Irachyphylluin 118' 

Bract M21, .244 

MMM 

Branches 188 

Branching of trees 07 

Brandi lets or Twigs 188 

Brussicacem 758 

Brazil-nuts SOi 

Brazil-wooil 8.51 

liread-fruit 1022 

Bivud-ti*ee ]04(» 

Brcxiaceiv, 824 

Bristles . 

Biitaiii, Flora of dm 

Bntisii plants, distnimRon 

Brocoli 

UT'ornellaceie 1073 

Broom 850 

llrooin-raiie. 252, 903 

Bnieia i»47 

BruniaceiC 880 

Brunoniaeese 919 

Bryony 872 

Brj’ophyllum IW, 880 

Buek-hean M9 

Buck-eye 807 

Buektlioni 841 

Bucku or Bucliu 828 

Buck- wheat 991 

Bud, leaf. 180 

, flural M24 

Budding 181, 57M 

Buds, laUmt 189 

on leaves. 199 

2 S 


Bui]), scaly or naked I 194 

■■fsolid 196 

, tunicated 194 

BulbUs 198 

Bulblets 198 

Bulrusli tribe 1090 

BurdfKik 910 

Hurguiidy-pitch 1044 

Inriti-palni 1084 

Burmaimiaceie 1 tW>7 

hirseretn 844 

ula 1050 

lush, defined 08 

lutea 850 

Butomaccfe 1087 

Itutter of (^acao 780 

- — of Canara 790 

Butterfly-weed il4.‘l 

Butter-tree of Park J)M7 

Butter- wort 979 

Byttneriaceaj 786 

Cabbage 702 

(kihbagc-l’ulni 1084 

(hihbagc-trec. 8 j50 

Cable-eane 1084 

Culioinbaccie 749 

Ca<“ao-bcan.s 78t» 

Cnctaeete 882 

, itegion of^.^^lll 

Cactus family .... 

Caducous 300, 385 

CJicsalpiniesc 848 

Cicsjiitose, growing in tufts. 

Cafleine 906 

Cajeput 807 

Calubas]i-tn 

Calu 

Cabinins 1084 

Calathifonn, cup-shaped. 

Calnthium 3-30 

(kdear 308 

Calcarnte 202, 373 

Calceolaria 905 

Calceoluiiese, Region of ... 1 166 

Caleeolute 381 

Calii’iilate 247, 304 

Callnna 927 

Callus, a hardened part, 

Caloiihylluin 799 

Calotrojiis 942 

Calumba 747 

Calumbln 747 

Calycanthacea*. 860 

Calyceniceie JM)9 

Calyciliorie 390, 835 

Calyculus, an outer calyx 
oi' involucre. 

Calvptra 1114 

Calyptnitc 3t5G 

Calyi)trinior})hous 

of 3.58 

, tube of 302 

— -, limb of 3021. 

, venation of 3 -.j9 

Camhiuin 81 

«*«= cells 109 

Cambogia Gutta 799 

Camellia >«t^.793 

Camelliaecjv, Region of ...1165 

Oameva-lucida. 11 97 

Companulaceu! 922 

Campunulatc 
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Parairayiih 

Oamptiachy’-wood 

Camphor.. 

-of Borneo 790 

Oumptotropal 4G(> 

Caini» 3 ’lospcrmai 888 

Campy lotropal 4(>(;, r)H4 

Campyl()tropou.s 4<»« 

Caimvoud S.*)! 

Canada- Baluam 1044 

Can.ida-Bu'0 198 

Canaliculate, channelle<l or 
Kr«»ovcd. 

Canary -seed 198 

Cunccllate, haviiii^ meshes. 

Candhdxo'ry 

Canc-Siipiv ;104 

Ciuiella. 810 

Canker 092 

Caiinahls 1020 

Cannabinea; 1019 

Caiinacca* 1001 

Caiioe-hirch 10:i0 

Cii(mtchouc.,-lI9,‘«.i, 1018, 1021 

Caper family 70:1 

Csipcr-spurj-e 1017 

Capillaire 1110 

Capilhiry 997 

‘ attructiou 207 

Capitate TiH 

390, 348 

ciffBffnaeea* 703 

Capri'olate, havinf:; tendriJs. 

Cfipritlcatioii 489 

Caprifoliaccas 900 

Cap.sicin 901 

Capsicum 961 

fM4 

Carbon in plants 212 

Carlion, fixed by li^ht 28(5 

Carbonic ncitl p;ivcn ofl' in 
darknc! 

decoin]iosed by 

aquatics 289 

oir by 

flowers 475 

Carboniferous fossils 1180 

Cardumums looo 

Cardouii 910 

Carex 1090 

Caricen* 873 

Carina 379 

Carina] 305 

Ciriopsis 542 

Carnahuba palm 1084 

Carnation 779 

Caroh-tree 851 

Carolina Allspice 850 

IMnk-root !*47 

Carpatliian JJalsiun 1044 

430 

Wl^Wnum, same as (\iit 

Caj^lo^y 

Cari»«phorc 437, 5:f3, 

/'JiirraKeen 11.30 

CSimou flowers 943 

Carrot 890, 892 

CartilajuTlnous 

Caruiiculcs 582 

Cainincuhitc.. 

Caryophyllacca! 778 

- , Ucjjlon of..ll5' 
Can'opliyllaceous corolla... 378 
642 


I'arapraph 

Cascnrilla .'.1018 

Cascine, VejtcetaWc 310 

Cashew-nut 320, 843 

Cassava 3(r2, 1018 

Cassia 851 

Cassia-bark 

Cassia Fistula 851 

Cass* nvary-tii*e 103; 

Cas.sythca‘ 993 

(Jastor-oil 1017 

Oa.suarinea* 1033 

Catechu 852 

Catiiijxus in Brazil 20.") 

Catkin 3;M 

Caudate 541 

Caulescent f!5 

Caulicle 51M), 59:l 

Caiilieulns 590 

Cauliflower 702 

Oauiinar)' 100 

Cauline. 108 

Caul is 0.5 

Caulopieris 1180 

(^aycnne-iH-, , 

Cei >a< 1 i 11a, .su ii le as Cc va<lilla. 

Cedar. 1044 

Cedrelaccjp 8M 

Ccl.-mdiim 

Celasfi*ace.i». 837 

, IJc^'iou of 1155 

Celcrv 8!>0 

Cell-tfcnn 22 

Cell-nucleus 16 

Cells 4 

— , abs*>ri)ti*»nofflui*lsb. 

, a^^diifinatiou of |:{ 

, annular 11 

— — , contaiiiini:; 


Paragraph 

Chalaza .4(i5, 583 

Chalk-f«issils 1187 

Chalk-plants 1139 

Chaniielaiiciea*. 

Chainau-ojis 1084 

Chamomile 917 

Chandelier-tree 1089 

Ohara 1130 

, earbonate of lime in.. 227 

--- , rotation in 270 

(9iaruceje 1128 

Cbaraetcrs of plants 711 

— , essential 711 

— , natural 711 

— , in tbe natural system 720 

, siiborilination in value 

of. 721 

Chfiri'oal as a manure 240 

Clu'lidoiii iim 261 , 750 

(Jliemiejil c*nnp*)sltnni of 

plants. 208 

Clienopodiaeese 98f; 

(9ierrv 855 

CherrV- Laurel 85f’; 

Chervil 890 

'9i(*stnut lo:i7 

'Jliiiin Tur]ieiitiue 843 

Miiek-pea _0:| 

'!hi(*lvw*ted family . 

iln(‘orv 918 

•nettle 870 

Millies 901 

Miinese-arass 1020 

Miina-bjirk 903 

Miiretta or Clilraita 949 

!5hlve 197() 

Mda*nii*'e‘;e 791 

Miloranlliaee.'e 1029 

Miloropliylle 19, 310 

Mioi-olate 7S(; 


I- 


-, <leposits in... 

- , d**veIopiiient of. 22 

dott*Ml 11 

_4<l**rmal 48 

, fibrous II 

, forms of 5 

, fimetions of 27 

luch^ated and non- 

niieleate*! 22 

-, porous 10 

, sjiiral 11 

8, 1104, IMS 

cHmia^ffivelop 84 

tissue 4 

Cellules 4 

Cellulose 2, 14 

Centaury 94!) 

Centrifugal 332 

Centripetjil 331 

Cepliaelis !»04 

Ceramiacea* 1128 

Ceraslue 303 

(!eratopliyllae**ie 1 023 

Cei'eal ^uus, their di.ssc- 
ation . 

. 88;i 

Cemuons, pendulous, uod- 
iliiW. 

Ccroxylon 1084 

Cetraria 1 121 

Cetrarin 1 12l 

Cevadllla 1078 

Chailletiaeea! 1004 


ori/iition .... 

I Clirist’s-tborn 841 

I Cbroinatcnneler 071 

jCbrem 

! (Mirysebalaiiea* 854 

I (Mnnriis 1020 

j (’icfitric.c.s 194 

I Cieati ieiila 

I (Mehoraeea- 912, !H4 

! Cicuta 893 

7, 057 

*•<1 7, 58 

' Cmcliouii 903 

I liejeion *)f 1155 

i slipulcs of J60 

■ (Miiebonea* 902 

(Mnclionia 903 

(Mncneliyuia 38 

(!inciicliyuiatous 261 

Cinnamon 994 

! in Kxopens 2H4 

! in Kiulogens... 205 

(Mrciimseissile 411, 535 

(Mrcinnscription of leaf. 139 

■ ■ .157, 201 

707 

Cisto 

Citron 7.90 

Citms 790 

(^ladencliynm . 

(Masses, ilctincfl 710 

Classification, iiriiieiples of 704 
Clathraria 1187 
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Paragraph 

ClathratiiH, latticed like a 
/yi-ating. 

Clavate 300 

Claw 370 

Clearing- nut 947 

Cleft 140 

Clematideic 730 

CleoratMt* 7(W 

Cliinate, continental 1 130 

, insular 1130 

Cliinate and seusoii, their 

effects 1141 

Clinandrium 421 

Clinanthium 320 

Clove-pink 770 

Clove-tree H07 

Clover 8*50 

Cloves, younp Inilhs. 104 

Cliih-nioss family 1 112 

Chili-sliaped 58 

Clusincea* 708 

Cluster 33;{ 

Clustered 050 

Clypeate, in the sliai)e cif 
huekler. 

Coal 1179 

Coal Kpoeh, cliTnate of- 1185 

Coal of Humus 234 

Coca W)2 j 

iiTns 717 

, )ehim‘iil-(^«< 

Coehlearifonn 37:1 

Coekseoiiil) 985 

Coco .»,1(>9 1 

Coeo-iiut Hiilm .... 

Cocoa 780 

Cocoine.'v |0S3 

CiMldiiijrton hnis 119:i 

Cociciii 750 

Co'losperiine 888 

Coffee 005 

Coir-rope 108*1 

Coleliiee.r 107" 

("oleliieia 1078 

Coleliieum 1078 

Coleorhiza 127 

Collateral 17 

Colleetinj^ hairs 50, 453, 300 

Colleelin;? of plants 12(>2 

Colienehyiiia 13 

Collomia 053 

Colliim ]l!» 

Coloeynth 872 

Colomlm, see Caliinilm. 

Colon uiuti da 872 

Colours of plants 071 

of e]iiderniis 40 

of tiowers ill differ- 
ent orders ...084, 0S.5 

, chaii;res in 083 

autumn 07 ‘ 

in a (garden (i80 

prevailing? in cer- 
tain countries ...1150 

Colourlnpr matters 

Colpenchynia f» 

Coltsfoot 017 

Coluinhiiie S73' 

Columella. 

Oolumelllacea*. 930 

Columna, column 400 

Columnar 

Comhretaeese 802 > 


Paragraph 

Couinielynaccee 1085 

543 

lositne... 910 

, liepoii of 1155 

Compound Orpins 43 

Compressed, flattened la- 
tiTally, leiifctlmisc. 

Compreamriiim 1197 

CoiKH'ptacles 1127 

Concostiite 144 

Condenser „. .,^JL194 

Coniliictin^r Tissue.;'. TTtTWR 

Conduplieate^ 185, 600, 601 

Com ... .,^,„.4134.659 

Conenehyum 

Ooiifervaeea* 1128 

Conia 803 

Conical cells. 5 

- root 1!W- 

Conifera* 1042 

(^)niom>cet<*s 1123 

Coniotliulame.ai 1120 

Coniiim 8J>3 

C( aijiigat ion 492 

Comiuriu'eie TTrSWI 

Connate 163 

.405, 408 

uious 140 

Contorted 124, :i54 

CoutrayeiTa 1021 

('oiivallarieie 1075 

Cyj|li|uiiit^. I8i>, .355 

roTm)irnuicc.a' 955 


t.^oiiaifera J 

(’opaiva t 

(Nijtper ill plants : 

(VM|nilla-niit 1( 

Coral-flower. t 

Cnralliiia 1 

CoraJline-root 

( Uirculum . 

....J50, ; 

Coriaceous, liaviii}? tlie cou- 
sistenee of leatiier. 

mde.r.. 

loriariaceie., 

Cork 

•tdlsof 

»rk-oak 11 


Corky layer of liark. 

..70, 195 



Coriiaeea*, 

.....1105 
89t; 

•cgiilarLty in . 

387 


Pora^j* 

43ortical System - 82 

Corylaceai 1033 

Corymb. . 333 

TJWfyilWlfene 912, 914 

Coryphlnea; 1083 

Costa 144 

Costate, ribbed. 

Cotton 8, 29, 782 

Cotton -ifrass 1096 

Cotyledons -...1(»8, 586, 590, 599 

folding of 600 

Coivbaiie 893 

Cowberry 928 

Cowitch or Cowhage 850 

Cow-i)]ant of Ceylon 

Cowslip 975 

Cow-tree 1022 

Cow-tree of Demcrara 945 

Cow-wdiciit 

Cranberry 928 

Cranes-bill... 816 

Crai>e-paper 1021 

Crassuluceai 880 

Cremo(‘an) 533, 54iJ 

w V - 146 

CTRRPWftien* l»50 . 

Cre 

Cress-wort family 758 

Crested 372 

Crisp .'.....W 374 

Cristate, see crested. 

Croeiis 1066 

Croton-oil 1017 

(!ro wherry 1013 

Crowfoot family 738 

Crow'ii-Imperial 1076 

Crown of the root 70 

(biieifera* 758 

^ Itegion of, 1155 

Cnieifonn or Cruciate cor- 
olla 378 

Cryiitogamie U(‘production 492 
Cryiitogainous i)lants..323, 1104 


— ‘ * KegJon of. 

Crystals in cells 

Cutieliin 

Ciibebs 

1161 

18 

1032 

1032 

ekoo-jiuit.. 


Cueullate, like a hood. 


Cnenmtier 

872 

Cueumites 

1189 

Ciienrbitaceie 

871 

Cudbear 

U21 


vntion, its effects on 


irregiilfiT nion opc- 
talotis or gainopeft’ 

, in-egidar polypeta- 

lons 379 

, regular mo mapetag* 

lous or gfimoTietaldW L'TlTVW 

, regular polypetalons 378 

Corollifiora* 390, 897 

Corolline hail’s 61 

Corona, crown 384, 942 

Corpuscles of Brown 510 

CoiTugaterl, w’rinkled or 
shrivelled. 

Corsican Moss 1130 

Cortical Integument 92 


(?uiionieie 885 

CupailoilleS 

Cuppressincie . 

Cu, 

Cupulifera*. 

(bireuina 1060 

Curled 00lo 

Currant 884 

Currant of Australia 929 

Cui’vembrya* 960 

Cuseutesr 955 

Cuspidate 372 

Cuspis 372 

Custard-apple 745 

Cutch, same as Ca techu, 
Cuticle 
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Cuticle of Petals 86» 

Cyanic seiics of colours (>79 

Cycadacea* 

fossil 

Cyeadites 1187 

Cyclajnen 975 

Cyclanthcft* 1088 

Cycle 171 

Cyclogens 77 

Cyclosis .....201, 262 

C.vlindreneh 3 'Tna .. . Hi 

Ci'liiidrk'al 5 

Cynabifonn 873 

Tij^nme . 339 

Cy naroceplmUe 91 2, 914 

Cynurrlioduni 841 

Cn*<*>*«^ocfW 1098 

Cypress 1(»44 

Cypsela 842 

Cyrtaiidrca* 980 

Cystidia 1122 

C^'st.s 20 

Cytinacca; 1102 

Cytublust 22 

Cytoblustcnm i4 

Cytogcncsis. 22, 28 

Datioxylon 1181 

Dwdalencliynia 5 

Daffodil 1071 

Dahlia 

Danimara 1044 

Dauicca*. 1109 

Dandelion 918 

Daphne 1002 

Daphnea*. lool 

Damel-grass 1101 

Datc-pabTi 1084 

Datc-jdum 933 

Datiscacca? 1012 

Datura 961 

Day-JiJy 1076 

Deudiy-nightshadc 961 

De Oundolle's System 728 

Decandrous 394 

Decidaous .... . .366, 385 

■iP**^* 'Dees 20« 

DecHnate 420 

Decompound 182 

Dwurreiit 16 

Decussate 16 

Deduplication 383, 0^4 

Definite Jnfloresceiiee 33ft 

— (hniles 47: 

— - — vascular bundles... 91 
Defoliation, tlietall ofleuvea 
Degeneration of Organs.... 0S| 

Dehiscence 410, 330, 882 

tfruits ...830, 532, 846 

740 

146 

1044 

Deposits in cells 18 

D^ress(Ml, flattened from 
al)ove downwards. 

DesiiiidieaB 1128 

Desinodiuiii, Movements of 6b‘tS 

*• Dextrin 302 

Dhak-tree 880 

Diachapiiium 64JJ 

Diachvma 137 

399 

838 


Paragraph 

Dialypetalons, same as 
roly])etalonH. ^ 
Diallyphylloiis, same as 
I’olysepalouB. 

Diandnms 394 

Diapemsiem 984 

Diastase ....307, 310, 621 

Dliitaxis 704 

Diatoinacea; 11 28 

DicUlomydeous. Wl 

loua 99, 338 

^ .388, <{48 

Dicotyledones 73({ 

i 71, 890 

101, 1(M8 

DidyriiocttTiK*ae 980 

Didyinous, two united, twin. 

419 

TllISl^^Rndauts 283 

Digger 1203 

Digitaiiforni 380 

Digitalin 9<ir 

Digittilis 9<;i 

148 

flTmff-pRrtite . 148 

Digyiions, having two styles. 

Dilumiiiatioii 

Dill m 

Dilieiiiacea} 741 

Dilmial 1189 

Dimerous. <>43 

Dimidiate 1114 

Diiiomic inMiTifn— 

Dio‘c {897648, 713 

Diomea 664, 771 

Dio8con*4U!eaB 1049 

Diosmea* 827 

Dipetuloiis. 378 

DiplccololKiSC 789 

Diploe 137 

Diplosteinonous 392 

Jnpsacaeeae 908 

Dijiterocarpacea* iwir 

Dipteroiu, having two ^gs. 

Disa 1086 

Di.sclndia 

Di.scifonn . 

Disi-.oid 78, 911 

Diseostatc 144 

I2i _ 

%se8 of plants 

- prevention of 6i)0 

- caused l>y fungL||HJ|||| 

caused by insects. 7on 

Disk 428 

DisiK*rmous, two-seeded. 

Dissected 148 

Dissemination of plants ....1142 

agents employed... 1142 

‘ 439 

lurious 447 

Dissilient 833 

Distaehyon, liaviiigtwo spikes. 

I . 170 

I . 409 

Distribution of plants over 

the glohe 114({ 

endemic. 1143 

Di thecal 408 

Dittany 828 

Divergent. 389 

Dhi-divi 851 

Divisions of Vegetable 

Kingdom 723 


Paragraph 

Dodder 282, 986 

Dodecahedral 8 

Dodecandrous. 394 

Dogbane family 944 

Dog-tooth Violet 1076 

Dolabriform 150 

Doom-]ialm 99, 1084 

Dorsal-suture 4.38 

Dorsiferous ferns 1108 

Dorstenia 1021 

Dotted cells 11 

vessels 38 

Double coco-nuk 1084 

Donbiet 1192 

Downy, see Pubescent. 

Driuwim 107<> 

Dragon's-blood 1084 

Draining. 616 

Drifted i>Iunts 1186 

Drimys 743 

1 )ro.semcea.i 770 

Dnipacea* 884 

Drunu. 845 

TIMlfHre 848 

Drying plants 1206 

Dr>'-rot 697, J12<{ 

Duckweed 1091 

Due^eloscd 34 

Du 

Dumb-cane 1091 

Duinose <58 

Dmmis 68 

I )urabi lity of 1 u'iirt wood ... 78 

Dtmyiuu^. 78 

nlnrHEn^^?! 784 

Durmast 1037 

Ihnra 198 

Dust-brand 694 

Diiteli liee<l. 

Dutcli Kuslics 1 107 

Dwale 961 

Eagle- wood 1003 

Karcockles 700 

Euitli-niit, or IMg-niit 890 

Ehcmiccai 933 

Ebony 78, 880, 933 

EbructCJited 345 

Egg-apple 961 

Ehretiejc 988 

Ebeugua' 

EL-eocurpea* 787 

EheodendreaB 837 

Elateriiim 872 

, bursting of cap- 
sule of. 27 

Elater.s MKl 

Elatiiiueese 777 

Elder. 901 

Elecampane 917 

Electricity in germination. 614 

Elemi 845 

EJepliant’s-foot 1080 

Ellipsoidal 5 

EUiptical 150 

Elm 1020 

..150, 372 

!fity ledonoms 591 

development of... 502 

, dicotyledonous... 597 

^ direction of its 

ports during germination 624 
tbniiation of 586 
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J'aragrajfh 

Embryo, jfrowtli of. («2 

iiionoootyledoii- 

ous i>95 

•, lHivtsuf..r>90,59*J, 

■ , polycotylfdoiious 5!)ii 

^ position in tittr'' * 

seed OO:} 

- , pseudo - iiionoco- 

tylcdoiioiis iibiS 

, fixed ISl 

Embryo-buds llMi 

Embn'o-sae 4iiii 

Embryolo^fy 501 

Emiiryoiiie vesiele 'Mrww 

Embryote-gu 58;{ 

Einetiii 7«y, 004 

EinpetrueeiU 1014 

Emiilsine. JUO, 

Endemic distribution of 

plants 1145 

Endive 01 M 

Endlielier's Systtnn 7:id 

toiduiiari^ 524 

400 

Endotreiiie J047 

Endoifcnitcs 

or inoiiot‘ot,> - 

^el^^WPncm..71, 01, iVl, 107 j 

— — , uiiomalous .... 101 ; 

- , braneliiiiff .... 00 : 

• — , subteiTancini... 100 j 

Kiidoplibeiim H2, SO | 

Eiidojileura .'oS, 5S0 | 

Eiidorlii/.al 127, (i2S j 

Kiulosmometer 254 ! 

Endosnio.se 27, 254, 255 i 

Endos])erm 587 

Eiido.spermic 5S7 

Endostonn* 404 | 

Eiidotlieeiiim 402 i 

Eiiervis, without Nciiis. j 

Eiicnndrous 004 

Eunoblint^ fruit-lre-es 574 ' 

Ensiform 150 ' 

Entangled 5 | 

Entire 140 

Entoidiytie 000 ; 

Envelopes of the flower.. .. ;{5l | 

Eocene 1170 

Epaeridaeeie t)20 ; 

Jlejrion of 1155 , 

Epibleimi 47, 120 ! 

Epieolvx 1>04 

" • ‘ 524 ' 

.Ill 1050 1 

,ermis . 45 

L appendages ot. 57 

I, cells of 48 

-, colour of. 40 

-, functions of . . . 64 

-, pupilbe of 57 

•, silica in 40 

, texture of 40 

, wax on 4{i 

Eptoil 629 

oOO, 449 

Eplphlticum 82, 85 

Epiphra/]tin 1114 

Epiphyllous, growin*c on a 
leaf. 

Epiphytea 121, 251, 1139 

Epi]M>lic 281 

Epirrheology 1132, 1134 


fipisperm 57s, 

Ei)is]H)re, tln^ outer cover- 
ing; of some siHirea 


Paragraph Paragraph 

..578,579 Farinaceous .588 

xiver- Fuseiated 197, 327 

Fiwcicle 3.39 


E))itlieluil 46.3 j Fascicled 650 


Epitheliiuii . . 

Equal 

Equisetaceae. 


<> .431 1 Fa.seiculate. 17.5 

iW Fasciculated 114, 12.5 

,.1106 I Faseieulation of branches.. 190 


Eqiiisetuin, foasll 1187 Fustij^riatc, having a pyru- 

, silica in 226 inidal fonn. 


— , silica in 226 iniilal fonn. 

,t M i 377 

Featlicr-gi’ass is Stipa pen- 
^ ovule 471 nata. 

Ergot 696, 1101, 1126 j Keathei’-veined 144 

Ericaccje JJ26 i Feathery 365 


Eriocauloii I0!1‘1 | Fecundation 49<{ 

Eriogonea*. ‘490 i Feciila. .s<^e Starch. 


Erose, bitten, gnawed, or 
gularly toothed. 

Er\'throphyll<‘. 675 

ErythroxyUicejc 802 

Esi'alloniea*. 885 

— liegion of. 11.75 


Fenestrate 138, 555 

Fennel 890, 892 

Fenugreek, a spcciej^jjT^ 
Trigonella. - 

Ferns 1108 

, fossil 1180 


Esidischoltzia 366, 756 j — . , during coal epoch .. . . 1 J85 

Essmices. 317 | Ft‘rtile flow^ers ({4‘.> 

Essential organs of the I Fertilization 496 


(lower 351 

Ktserio 545 

EJ^aiioa 300 

Jtegion of. 1155 

Eucal)T)tus. 867 

Euonymcjte 837 


Fescue-grass. 198 

Feveriew 917 

Fibre ill cells II 

, in siiiral vessels. 34 

— , woody 29 

Fi brine, vegetable 310 


i Euonymus. 838 j Fibrous cells. II 

I Kuphurbiace.i* 1014 ! roof 12.7 

j Eupliorbium 1016 i Fibro-cellulav Tissue II 

! Evening Frimrost* 868 ; FI bro- vascular Tissue 31 


Evergreen Oak . 


. 1037 ( Kieoidea*. 88] 


Exalbiiminons 587 ] Ficus. 1021 

Exjmuuhite Fcnis IJos , liegion of 1162 

Execntvic 693 Fiildle-sliaped, see Paiidu- 

Kxcinreiit, ninniiigout be- rifonn. 

yond tile cdgti or piiiiit. Fissus, ch‘ft 

Exhalation 203 Field-book 1203 

Kxintine 422 ; Fig 1021 

Exogenic,... . . 736 I Fig-wort 966 

Exu^^^j^tem ^7TT.'T"'Tt j Filament 3!)6 

ISWIPmum 9-56 { — , adhesion of 399 

Exorliizui 126, (>29 j — , form and structure 396 

Exosmose 27 Filbert, see Hazel. 

Evostemma 90-3 i Filices 1108 

Kxostome 464 | l^ilifonn, thread-like 45.3 

lixotheciuui 403 j Fimbriatcjd 

ICxpaiision of flowers 331 j Firs 

, centrifugal 332 1 Fissiparous. 493 

centripetal 331 Fistula r ]#>4 

Kxserted 417 Flabellaria 1184 


Exstipulate 158 Flabclliform, fan-shaped. 

Kxtine 422 Flacourtiaceai 766 

Extra-axilJaiy .,..196 Flagellum 191 

Extrarius. TvTrwS Flax 29, 818 

Extrorse, 412 — , New Zealand 29 

Eye-bright 965 — , Pita 29 

Eye-piece 1194 Fleshy 588 

Eyes of potato. 70 Flexuous, bent in a zig zag- 

I aimer. 

Fabacea* 847 Flocci, woolly fllanicnts^ 

Fairy Ulugs 1125 with sporules in fungi. 

Fah^'ate or faldform, bent Flo<*cose, covered with 
like a sickle. wool-like tufts. 

Fall of ilic leaf 205 Floral axes 325,327 < 

False-bark 92 Floral calendar 481 

Ti'aclieac 35 clock or w'ateli 483 

Falscly-discoid 911 Floral Envelopes 351 

radiate. 911 ^ develo])nient of 386 

Fan-Palm is Cuiypha. , fuuctiinu of . . . 473 
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Paragraph 

Floral leaf. 324,344 

Floreta. 3H2 

Florideaj 1128 

Flosculoua 911 

Flower. 350 , 

, position of its parts 3-57 I 

Fl<»wor-biids 324, {154 

Flowerinji;, period of 478 

-, inode of accelerat- 
ing 479 ' 

Floweiiiig-ash iVll 

Flowering plants 323 

Flowering-rush 1087 

Flowerless ])1unts 323 

Fluids of plants, siiecial 

movements of. 275 

FoUuceous 3-59 

Foliola, 14^i, 151, 358 

Parsley 893 

eft 4(54 

Forked 40G 

Fossil Botany .1170 

plants H70 

— — -, tlieir structure. 1171 

, state of pTeservuti(m.ll71 

- — , arrangement of 1172,1173 

, their numhor 1177 

of Carbon iferons sys- 
tem 1180 

of Secondar>' sti'ata..ll87 

of Tertiary strata . . .1188 

Fossiliferous strutiu 11“' 

Forbidden-fruit 79G 

Fci#^:et-mo-not 959 

Foveate or Foveolate., hav- 
ing smaU pits or depres- 
sions. 

Fovilla. : 423 

, Its use 504 

Foxglove 965 

Praucoejc 880 

Frankeniaeese 77(5 

Frankiiieeiisc 1044 

FYaxineas. 940 

Frcndi Denies 841 

Friar's-balsam 932 

Fringed 372 

IMtillary l07fl 

Frogbit family 10-55 

M ,. 1108 

ficution, the parts 
composing the fruit. 

Fruit 520 

, changes during its 

formation 522 

-, parts which form it 520,527 

^ muturatiun of 5G1 

, how accelerated .... 568 

Fruits, analysis of 666 

(arrangement of ... . 560 

^ preserved 1209 

Fratex, shrub 68 

Fniticose 68 


Paragraph 

Fungi on caterpillars. 1126 

^ phosidioreseeiit 1125 

^ poisonous 1124 

Fungus mclitcnsi.s 1103 

462 

^^mel^aped, see Infun- 
dlbuUtbmi. 

Furcate, forked. 

Furfiiraceous, scurfy or scaly^ 

Torus tiuctoritt^ 

Galtieieie. 880 

Galuctodeiidron 1022 

Galangule. 1060 

Galanthus, Siiow-dn)]) ....1070 

Galbaiuim. 891 

Gulbulus. -559 

Gale 1035 

Galeatc 361 

Galieie 902 

Galipca 828 

Galls 701, l(«7 

Gaina-grass 1098 

Gamass or Squunuish 1076 

Gainluicr. }K).5 

Gamboge 799 

Gamogastrous. ^ 

Gumopctalous. " 

GamophyllousM 3-58 

Gamoscimloiis 3.i8 

Gangrene 692 

Garlic 1076 

Garry uccjc .... 1040 

Gases, their effects 292 

, irritant 293 

narcotie 293 

Gaatcromycetes 1123 

Gasterothalum(;:e 1120 

Geissolomcat. 1 000 

Geminate, twin, flowers or 
leaves produced in pairs. 
Genimse, leaf-buds. 


Paragraph 

Ginger 1060 

Glnko 1044 

Ginseng 895 

Glabrous 60 

Glan^. 62 

*S^^enticular 6i» 

•, nectariferous 63 

•, sessile 62 

-, stalked 62 

•, vesicular 63 

Glandular hairs 61, 62 

Glandular woody tissue.. . . 30 


Fti^cea: .. 

FuclUia 188 

Fuller's Teazel 908 

Fulvous, tawny-yellow. 

k FamariHcesB 757 

Fumitory family 757 

Fungi 1122 

, causing diseaaes 1126 

edible, 1124 

i in cutaneous di8uasc..ll26 


oRflunui^ 

Genera, defliied "(Ik 

(j-eiiiciilate 397 

Gentianacea: 948 

Gentian 949 

Geo-Dotany 117' 

Geoffroya 850 

Geography of plants 1131 

— Influence of external 

agents on 11,32 

of temperatmv.. . .113-5 

of moi^re 1138 

Geruiiiuccic. 81-5 

Germm^. 42!1 

TtHWIuu vesicle 510 

Germination 608 

Germination, acotyledon- 

ous 629 

^ chemical changes 

d.uriug 621 

\ dicotyledonous, 629 

, length of time re- 
quired for 6!)2 

monocotyledonous.. 627 

, progress of 622 

j requisites for 608 

Gesneraceoi 925 

Gibbous 373 

Gilliosiaccas 1079 

Gills 1122 


(jiQIcbns, covercjl witli 
11^0 green blooTn. 

Globc-Hmuraiitli 

Globule, in Chai-a 427 

Glochidiate 58 

Glomerulus 336 

Glossology 704 

Glucose ;507 

Glumaeeju ..1094 

Glumella* — 109 7 

. Gluracllul/c 

GJum^. 349 

jTrnBPffT 310 

rlycyiThizsi 

Inetai'i'jc 

TOldfussia 971 

>ongyli 1119 

foiiidia 1119 

roodcuiacese 920 

Gooseberry 884 

Gossypium 782 

Gourd 872 

Graft 569 

Grafting 569 

^ views of Knight 

regarding 571 

difforeut kinds of, 

572, 573 

, its efferts 574 

Grains, cereal 1098 

Grains of Paradise 1060 

Gruminc.a* 1097 

Gr.‘i]K*-siigar 307, 814 

Grasses 1097 

, Uegion of 1161 

— for Pasture 198 

, tistiilar stem of. 

Grass »tf Parnassus 771 

Grass-tree 1076 

Green colour, elVe.ets of 

light on *'*4 hh[^@Z2| 

Green colouring matter or 

plants 

Greenhearted-tr( 

(xreeii snow 1129 

Greffe des Clmrlataiis. 569 

GrenadiUa 876 

Grevillea 998 

GrossiUaiiaceas 884 

Ground-nut 850 

Guuco 917 

Guaiacum 826 

Guano . 

analysis of 

khids 244 

British 245 

Guarana 807 

Guava 867 

GudderRose 901 

Guernsey LUy, is Nerino 
samieusis 1071 
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Gulfwocd Jl: 

ao:{ 

<Jiiiii-Arabi(; 802 

<JtUTii-J >ragoTi 850 

Guin-liif 850 

(*ui7i-tree of New Ilollttiid.. 807 

<Tunjiih 1020 

Guttii jKTclia iilO, 007 

Guttifeni!. 70S 

Gyinnogfiis 7:»2 

Gymnoppenine 1041 

Gyinnos]x*nuous 570 

Gynatidrous 400 

Gyniziis 4;{:l, 458 

Oynohii 

Gynoeeium 420 

Gyiiophore 4:J‘ 

GyiJostcgiimi 042 

Gynosteniiiiiu 4<»0 

GyraU* JJ40 

Gyration 275 

GyvoeaiTiere 802 

Gyrogonites 1180 

Hnldtat 713 

Ganriatiixyloii 851 

f lu.Muodurticea‘ 1068 

Hairs 57 

— , circulation in 04 

• — collecting 59, <14 

, corollinc 01 

of cotton .50 

of c«»wit<*h 58 

- functions of 04 

— , glandular (il 

— , irritable 58 

— , irritant 58 

, lymplialic 01 

, pctalinc 370 

>, radical (il 

ranicntaccous 57 

- , retractile 50 

Hairy (50 

Halb'cit-sliavc.d 150 

Half-ciiuilant I8(i 

Hal.)i»liytc.s. 22S, 087 

Huloragcm-ea* 8(i0 

HHnniniclidiU’ejv .^^^87 

Hand-plant 

Hare-bell family 022 

Hare’s-foot fern 1110 

Huseliiseli 1020 

150, 074 

end stems of herbs, 
as of the pottdn. 

Hazel 1037 

Heart-shaped 150, 

Hcart’s-ease. 

Heart-wood 78 

Heat diiriiiff flowering.. .. 47. 

Heath 027 

Heather 927 

Hehradeiidron 799 

Hedge-hyssop 905 

Helicoidal JJ40 

Helictcrea; 783 

Heliotrope. 959 

Heliotropieui 958 

Hellebore, white 1078 

Hellehoreaj 739 

Hcllebonis 740 

Hclwingiacea3 1040 

Hemerocallldeie 107r 

Hemicarp 543 


Paragraph 

Hemidesmus 943 

Heinloek 

, fibres of 29 

, Indian. 1020 

Henbane 901 

Htmfrev on Cj'togenc.sis . . 23 

llciimL. 858 

Heuslow’s eoinpanitive 
view of diflftTimt natural 

Hj’^stems 734 

Hepatic^e 1110 

Hei)taiidrmis.. 394 

Herbaceous 359 

'■ •rbarinm 1208 

1 Herbs, defliicd 08 

Hcnnax)hn»ditc 388, 713 

Homan dieae JOOl 

Hcs])eridiiini 552, 

lIe1crocei>liaJous. 1)11, 914 

llctcrocliroiiious 910 

Hctcrodroinous. 173 

Iletcvogamoiis 91 1, 914 

lletcrorliizal 128, (529 

Ilctcrotropal 404 

Hexagonal.. 

ncxjigonicncbyina 

I Ilexandrous....’. 394 

I Hcxaitetalous, with six 
i jK'tiUs. 

I Hiatus 381 

llibcniacula 1^ 

11 ibis 

ilickorv-iiut 1039 

Hightck 1189 

Gihmi 402, 583 

; n^Wrateacea* 801 

! Hirsute 
, llirtiw... 

Hispid.. 

! Histology 

I Hog-pliiin K4:J 

1 Holly 935 

llnllybock 782 

: HomuUaeea*. 1000 

! Homochronions 918 

I Homodroiniais 173 

j lloinoganious 911, 914 

I lioTnoti'o])ul 003 

j Honeysuckle 901 

limidcd, see Cucullate. 

; Hooked 58 

I Hop 1020 

i Homhound 907 

I Hornbeam 

1 Horiiwort family .juzo 

Horsc-ebcstimt 807 

ulish 702 

ulish tree 853 

Hoi'stJ-ta.il family 110(> 

Tc»rtus siccus, same as Her- 
baiium. 

Hottentot’s tig 881 

ilouseleek 

Iloya vTW 

Huaiiucn-bark 903 

Hmnifuse, s])reading along 
tlie ground. 

Hummus 1020 

Humus 212, 2:14 

H ungariaii balsam 1044 

Hura 1010 

Hya-hya 94.': 

Hyacinth 107G 


Paragraph 

Hyaline of Barry' 10, 22 

Hybridization, as regards 

limitation of species 519 

Hybrids, production of. 510 

Hydrangea; 885 

"lydroebarklaceje 1055 

Hydrogen in plants. 214 

, sonrce.s of. 214 

Hydrophyllaeen; 9.'>4 

Hymeiiiuin 1122 

H y'menomy'ceti's 1123 

Hymenophyllejv 1109 

Hymenothalamea! 1120 

Hyoscyamia 901 

Hyoscyamua 901 

Hypanthodium 33(5 

Hypcricacete 797 

Hy pli omycel es 1123 

Hy'pocHri)ogean 007 

Hyjiochilium . . . . 
Hypocrateriform..TTT^T8Wr 

Hynpogcal 029 

390 

1072 

Hypsomctrkyil 11.S7 

Hyssop 907 

Hyssop of the Bible 704 

coland Mo.«»s 1121 

ce plant 881 

cosandroiis, having twenty 
stamens. 

tliotbaJumciC 1120 

guatia 

Ilicdnci 

niecebrejc 879 

Illiciiim 

183, 3.5r 

vernation 18(> 

Inipari-iunnato 1.53 

Impreguiition, \ arious views 

of 603 

, summary' of opinions 

rcgunling 515 

Inurc'bing.., 

Included 417 

Ineimiluait 001 

Indettnitc, 00, or of... ..472, 713 

Indefinite Inflorescence .>13 

— vaseul.'tr bund 

fruits .lOO, 550 

incnaiW^SB. 822 

Tndian-Figfiunily 882 

Indian Hemp 1020 

ludiaii-Jiubber, see Cauut- 
eliouc. 

Indian Sliot 1002 

Indian Tobacco 924 

Indigenous, a native of a 
country'. 

Indigo 850 

Induplieate 186, 3.54 

Indusiiim 1108 

Inencbyiiia 11 

applied to ]»arts 

flower. %57 

Inflated ■ 307 

Inflorescence or antliotaxis 324 

, compound 332 

dctemiiiiate, defi- 
nite, or tcnniiial 332 

, indcteniiinate, in- 
definite, or axillary...331, 333 
, mixed 841 
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Pcaragraph 

Inflorescence or anthotaxis, 

simple 881 

, tabular view of . . . , 848 

Infiindibuliform 8B(> 

Innate 408 

Innovations, young shoots 

in mosses. 1114 

Inorganic constituents of 

plants 21J) 

, nmde of ascertain- 
ing their amount i>20 

Inorganic Elements 208 

tabular 

view of 221 

Inorganic nmttei’s, how ab- 
sorbed 280 

Insects causing disease... . . 700 
Integer, see Entire. 

Integument, general 4a 

la^ttjlluli^ passages 

12 

- spaces 12 

Inteirfoliar 1^^ 

IntciTiodes Ion 

InterpetioJary 100 

Intcrmiiftedly pinnate I V) 


Inuline 802, 017 

Inverted ovule 471 

Involncel 'Ml 

ilncrcL 841 

partial 847 


plants. 228 

action < 
piusiM, 

on ccll-w»ills..2, 14 

on starch 17 

Ipecacuanha 004 

Iridacew 10' i," 

Irish Moss llSo 

Irritability 050 

Irritable hairs. 58 

Irritant baira 58 

Iron in plant.s. 220 

Iron-wood 088 

Isocliciinonfil 1 180 

Isoetes. 

Isomeric oOO 

Isonicrous, parts cqiutl. 

IsothcraL 1180 

Isothennal 1180 

Isostemonous 302 

Ivoiy Palm 1084 

Ivj' 805 

Jack fruit 1022 

Jager}'^ 1084 

Jalap 950 

Jamaica Pepper 807 

Janipba 1018 

JiMminacece 

Jortolac .. . 

Jatioplia. 1017 

Jerusalem aitichoke 017 

Jessamine 089 

Jesuit’s bark 008 

Jesuit's drops 082 

Jew’s-mallow 788 

Job's-tears.s 1101 

Jonquille 1071 


Paraprwph 

Juglandaceo' 1088 

a pair of leaflets. 

. 841 

Juiicacea*. 1082 

Juncagineie 108(; 

J ungermanniciv 1117 

■Tuiiiper 1044 

J iissieu’s system 727 

Kaliinilai, see CalumlMU 

Kangaroo-grass ...1008 

Kava ....1082 

K a wrie-tvee. 1044 

E%cel 870 

Keg-tig. 038 

Kidiiey-Khu])ed, see Peiii- 
f(»nii. 

Kino. Kr)n 

Kirschenwassin- 855 

Kn(*e-joiiited, see Genh'ulafc. 
Knots or excrest^eiiees on 


Pnrnprnph 

Ijcaf-buds isu 

, adventitious or 

abnonnol 100 

, aeiial 103 

, axillarj- 187 

, extra-axillary.. . . 100 

-, iialuHl .' 183 

, terminal 187 

Jjcaf, c}udennis of, 180 

Leafiets, see Koliola. 

Leuf-stalks 155 

Leather ■ wo( al 1(X)2 

Leaves 183 

atomy of. 187 

— , anoinuloiis forms of 102 
-, urrangcincntonthe 

stem 100 

, los 

, compound 151 

, deeiiluous 140 

, divergence of. 171 


12 

stems 

. MiO 

, efteets on the air. 

K 

- how’ fonneil. 

. 'JtHt 

, evergreen 

TOO 

Knot-wort family 

. S7!> 

, fall of. 

100 

K«K>clila 

. 947 


IV) 

Krameria . 


, floral l(»8, 

422 



-'i , fonns of 

422 

Labe.lliim, lij) 

, 879 

, functions t)f 

002 


•'81 

, in .‘xeotyJedons 

412 

laibiata; 

. 900 

, in monocotyledons. 


, Uegion of. 1155 - 

l^bifl|Cj^. 802 , Jls] . 

ranramioru* 018 , 014 

Lnbunmm HpV) - 

Lnec-bark 8 :), lOOi 

Laeitme. ■ 

Laeiniated IflTW? 

Laelstemaeca* ItriS | - 

Lacnins, same us l.itmus. 

Lacquer 848 • 

Lactescent, yielding milky 
juice. 

Laetucurhini 018 

Lacuna; 12 , 18 S J 

Ladaimin or Labdanuin . . . 707 J 

1.. 1evigatns, liuvinga smmdh ] 

polistied appearance. ] 

Lagerstrihuica* 857 J 

Lainb’s-lcttucc 1 K )7 1 

Lamella' 457 ] 

Lamella' or gills .112 

Laniiaccic..'. OOt; 

Lamina Ob'*! J 

laminar mcrithuL 180 1 

l!anc 8 lMoa 74 ' J 

Langsat 810 J 

Lan-huu 041 J 

T^aimginous, wo«)Uy. ] 

I^rch 1044 J 

1., arkspur, is l>elplmiiuii).... 730 1 

Lastreo. 1110 ] 

Lateral 857 , 451 1 

{ 88 , 41 J 

IXSRmca. 008 ] 

Laticiferous vessels. 8 i^ 261 1 

Lati.septa^ 700 1 

Lauracea' 9 t >8 J 

, liegion of 1102 J 

J.aiu'cl 004 1 

Laui'occrasua 855 1 

Lavender 967 1 

l^ver 1130 1 

Layering 191 - 


, in dieotyledcms.. 1<15 

, inflnenee on the 

circulation 271 

- — , x*rhnordial 108 

. radical lOS 

, ramaJ 108 

aiinal 108 

I , simple 145 

, .skeleton 185 

• , Bjdral siiTungcmeiit 170 

— — , submerged 188 

, useful in fonning 

wood 117 

J^ec(>tro]>al 4ti0 

Lccythidea* 800 

Lctechee, see Jatchi. 

Leek 1070 

Legmi^ 548 

810 

LeguniinosiX' 847 

, geograpliical 

distribiitiou of. 848 

Lctmai.. ZaU 

Lemon-grass . . ..Uliu 

lamses 1192 

Leiitibularhieoa' 972 

Leiiticels 03 

Lenticular glands 08 

Lcoparrr.s banc 917 

Lepidocaryinu; 1083 

Lepidodendron 1181 

Le] >i(lnpliyUum 1181 

].iCptospennea: 866 

L(;pidostrobus 1181 

Lepidote, scaly 57 

I.«cpis, a scale 57 

Letter-wood 1022 

Lettuce 9J8 

Lianas, or Liancs. 66 

Liber. 83 

Licliuncs 1119 

Lichenin 392, 1121 

Lichens 1119 

Bogion of 1162 
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Paragraph 

Lid, see Oporculnin. 

LicberkUhn 1199 

Lite of plants, its duration.. 0:13 
Light, as aft'ectiiig plants...! 140 

, effects on flowers. . . . 480 

effects on respiration 281 

- — . effects of different rays 2!)0 

- - eftectsofdift’ereiitvuys 

on the colour of plantK.072, 074 

Lign-aloes 1004 

Ligneous tissue 

Paragraph I 

Limiinositv of plants 009 

Lu]iultn 1020 1 

Lvclinophora 917 

Lycopode.. 1114 , 

liVeoiKjdiaeeiP 1112 

Lvwqaidites. 1181 

liyginodendrou 1184 

i/ymphatic hairs 01 

147 

iSP^raccae 857 

Paragraph 

Marmalade fruit 937 

Marsh-Mallow 782 

‘ Marsh-lYefoil 949 

1 Mar.sihjaeea‘ 1111 

Marvel of Teru 983 

Masked, s(ie I'ersoiiatc. 

Mastic 843 

Matd 935 

Math, a tenn smnetimes 
ii.s(*d for cr()]). 

Matico or Matieu 1042 

Mattulla 51 , % 

Lignum-vita>^ same as 
Guaiiuuni). 

Maee 58J, 9!W 

Ma(‘i*o))o(1ous 595 

-wnior oori 

Maturation of fmit 541 

— — , changes during its 

i <71. L 

Liguliflorji* 914 

Madliucu tree 

Madia 917 

Mav-Apple 740 

Meadow pJaiiis 1149 

jUUC 941 1 

dliueese 101 

Liliiim ,,.1070 

Lily (*f tlie. Valley tril.e.::'.T075 

Magnoliuee.'V 742 

Alagnolias, Kegioii of ...... 1155 

Mahoganv 812 

Alaideii-hair fern, is Adi- 

11 1 i^iiin 1 1 1 0 

Meadovv'-siiffi’on. 1078 

Menlv 588 

MeconicAcid 750 

Mcdiek R»0 

Mi'Hliir . K.^.5 

- pcittil '>70 

Mjiizi* 1142 

- of Surinam 937 

Lime-fniit 79a 

Lime in plants 227 

toils. 

. phoK]jhiit(^ of, as a. 

manure 240 

Lime-tree tViinily 787 

Linareai 817 

Malesiierbicji* 875 

Alale-shield fei-n 1110 

Alalicorinni 5.>0 

Mallow family 781 

Alalombo hark 842 

Alalpighiueeic 804 

Alalvaeca* 781 

M|du^plth. 

1 MenunPy Ihiys M 

-- — . T>ositi(»n TF 

, fiinctions of 109 

MciliilUiry Sheath • 

~ — its ftinctiona . . . .TrJW 
Aleiosteinomais, see Mio- 


Liiitiriii 


H(>.> 


IJiKllcy's Kv«r<*ni 7.'»l 

Liunir !-'»(», JJ71 

Liiioii 'iti 

Linjf.. 

Liiiiiii'.i fM)l 

Limiji'jiii HvsttMii 7J-'» 

- ' — , its iiiipor- 

ffctums 7lf’ 

Liiiscod HIS 


Li]) 

UqiiidainbiLi'. 

Licjut 

Lircllii' 

Litclii fruit... 
Litmus 


. :i7f> 

irji 


Li/anl's-tjul family Ki-'iO 


Lrtlicd 

Loliuliiu*(‘:v.. . 
IjOcaliticH or 

plants 

Ijoculaments. 

TonlSCTWR.. 
Locusta. 

.. . 

^K^ood .... 
iitaceas.. 


J4S 

yjd 

stations of 

ll.W 

440 



Hot), sr.i 

;i:54 

1007 

040 

8.’, I 

700 


iVW 

■4S 


Lonpiii fi'uit 807 

L()iiic(‘.mc !MH) 

Loosestrife 8o8 

Loquat 800 

LoraiithaceaR 808 

Lorico, same as Testa. 

Lotus 841 

Lotus of Efoi^t TfiH 

Love-apple 901 

Love-lies-bleeding. 985 

Luceru 850 


Manunee .\ppie 70!) 

1010 

Maiidra^^nru !*0I 

Mandrake !8>I 

Maiitraiiese in plants ‘220 

844 

Manifo 844 

M aiijLCold-wur/.el A987 

.Maiitfosteen I 709 

unjve 8(i0 

ManiJjor lOls 

Manioc 1018 

Manna 041, 1044 

of Mount 8iuai 775 

Mamia-Asli Ml 

Maima-SuKar 4 !m; 

Maunite *Mm;, 041 

Mantellia .1187 

Manures, active insredients 

of 24^1 

", anunoiiiaeal 244 

, application of., , . 240 

, (‘ouipai'ati VC value 

of 242 

’ — — , exiHiiimcntswith 249 

, liquid 248 

— . natural 241 


steiiiojums. 

Melaleuca 807 

M(‘lantliacea‘ 1077 

Me.laHtoniaceie . . . . 804 

Meleirueta pepiier 1000 

MeJiaeoje. 80!) 

MeiiloU. 850 


31<dloca . 
Me 




M ein braT)Heepu8^j5ir Mem- 
branous, ba^ntf’tbe te3fe-‘ 
ture, of a membrane. 


Memecyloaj 804 

Menisim 1192 

Menispennacea* 740 

Mentluu 907 

Menyaiithea; 948 

M(*rMicliyma 5 

Meiicaip 544 

Merismatie 494 

Meritbnl 109 

— — , JiiiniUiir. 139 

^ ]Hiti()lary 139 

^ tiKellury 139 

- — , va^final 139 

" 039 


— , simple. 241,240 Mesembryacea* . ..881 

Mamirintr with fxreen erojis 247 MescmbryantJiema, lJe} 4 ion 

— sea weed.s,.. 247 . of. ]J5.“t*' 

Maple .'r.'..*8ni!r' Mescinbryaiitlicmum 88 

Ma.pie-sn)?ar 406 ' Mesticarp 624“’ 

Maraiitiutea*. lOfJl Mesueliilium 1050 


Mai'asebino 855 

Marcesceiit 307 

Marcgraaviaceie. 800 

Mure.hanticai 1117 

MareVtail family 889 

Marfidnal placenta 4*48 

MaJ'jpiiate calyx 3(;4 

Marine plants. 1149 

Maritime plants. 114!) 

Marl^gnut 843 


Mesopblmuin 82, 84 

Mesopliyllum 137 

'Me8ns])enT) / 578 

Metamondnisis 041 

Meteoric flowers. 484 

McKereou 1002^ 

Mievometer. 1196 

Micropy Ic i 64, 583 

Microscope 1191 

compound .. ..1194 

, simple 1193 
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Para/^aph 

(pc-makers 

jpic apparatus. .... 1197 

Microscopic preparations. .TJOl 

Midrib 141 

Mignonette family 765 

Mildew 695 

Milk-tree iHS 

Milk-vessels. ;i8 

Milk-woit family 772 

Millet 1098 

Mimosese 848 

Mlmosites 1189 

Mimulus 965 

Mint 967 

Miocene 1176 

Miostemonom '192 

MIsletbe. 252,899 

Mitrlfbnn 1114 

Modecceiv 879 

Mobl on Cytogenesis 22 

Moisture, us affecting tlie 

distribution of plants 1138 

MoUuginetie 778 

Momordica. 


Moneiulnyrony 

MmjilWyrnr 

- vessels . 


’ roots 125 

Mouiiniacea* 1026 

Monkey-bread 784 

Monkey-poL 867 

Monks 740 

Monk’s Rhubarb 991 

Monocandc 634 

Monochlamydeai f}80 

. 351 
. ()48 

2gotyleda|fflis. . . .590, 1047 
^fyleoonouB stem, 71, 91 

Mono-CrjiJtogaiiiai 1104 

Monoecious ...389, 648, 713, 9JJ 

Monogamia 717 

Monogynous, having I style. 


Monopetalous 376, .380, ;181 


Monophyllous. 

Moiiosupalous 

Monostachya, having 
single spike. 

Monotheeal 

Moiiotropeae 


Monstrosities, causes of. . .. 64ii 

Moon-seed family 746 

MoraAvood 851 

MoreJB 1019 

Morel 1124 

Morinda. 905 

Moiindine 905 

Moringacese 85:1 

Morphia 756 

Morphology t!41 

Moivhology of Mosses . . . .1114 

Mossits 1114 

^ R egion of 1155 

Movenr.'Ants in sea weeds . . 657 

k in sensitive plants 669 

Moving-plant, see Desmo- 
dium. 

Moxa 917 

Mneilagc 303 

Mucronate. 150 


Paragraph 

Mucus, definite 46 

Mudar. 94^1 

Mnlbony 1021 

Mullein 965 

Multicostate 144 

Multifill 148 

Multijugatc 15 

MiiltiJocular 440, 522 

Multiple fruits 

Multiplication of parts W ^ 

flowers. 653 

Mnltivalvular 530 

Miimin 3 '-clotli 29 

Mnmm.v-A^•lloat 617 

Mniijoet 905 

Muiiatic acid gas, effe«-t on 

plants 295 

Mnricated, covere.d Avith 
short liard excrcsiienecs. 
Muriform cells 89 

Murilbrm cellular tissue.... 5 

\fusaccie 

Muscardine 1126 i 

Musci 1114 

Muscology, the study of 
mosses.* 

Mushroom 1124 

Mustard 762 

M iLstard-tree 987 

Mutieoua, without an awn. 1097 
Mycelium 

Myoyiorinea* 968 

Myosotis 9e>9 

MyrUaye 1033 

Myristicaceai 9il5 

Myrohalans 862 

Myronic acid 762 

MjTosine 762 

Myrrh 845 

Myrsiiuicea*. 938 

Myrtaeea* • 

Region of .^W2 

Mj^rie 867 

Nabee 740 

Naegeli uii Cy togeiiesis.. . . 24 

Naiaduecfe 1092 

Napiforai 124 

Nareisscjc 1070 

Narcotine 756 

Naithex 891 

Nasebeny 93; 

Natural System 719 

Navicular, boat shaped. 
Necklaec-like 398 


Nectaiidra J)94 

Nectaries J1S.3, 416, 428 

Nectariferous glands 63 

Nectori^ 855 

Nclumbiacca! 752 

Nepcnthaceiu 10] 1 

Neriuin 945 

Neroli oil 796 

Nervation 141 

Netted 143 

Nettle 1020 

Ncttle-trce 1020 

Ncuropteris 1180 


Paragraph 

Nicotina 961 

Night-floAveriiig Ccreus.. . . 88JI 

.j^. u : rir , " plant8 484 

Night-scented floAvers .... 687 

Nightshade 961 

Nilsonia 1187 

Nipiulites 1189 

Nitrates as manures 246 

Nitrogen in plants 215 

, sources of 216 

Xmles 67, 169 

Nodulose or Nodose 125 

Nuggerutliia 1184 

Numeiieluturc 7(V4, 712 

N uii-fossi ljferi>us 
Norfolk Island I’inc 

Notorhizcje 601, 759 

Noyau 855 

Nucleoli 16 

Nmde^of a ceil. .16, 22 

iNUciRnlror kcniel 577 

Nucleus of oA’ule 463 

NucuJanium ru8S 

Nucule 459 

Nucmnentacea* 760 

Nudicaulis, naked stemmed. 
Number of known i>lants..ll33 

Nut 544 

Nutmeg 996 

Nutrition of plants 206 

of air plants 217 

Nutritive organs 43 

- prodnets 312 

Niix- Vomica 947 

Nyctuginacea* 982 

Nymplneacetu 750 

Oak 1037 

Oak-apples 701 

Oak-spangles 701 

Oats 1142 

Obcovdate 150, 372 

Object-glass 1194 

OblHiue 146, 372 

150 

longsvnnnetry 644 

OlMwjite.* 150 

Obsolete 364 

Obvolute 186 

Orbnacea* 833 

Ochrea 158 

Ocliro 782 

Oetandruus 394 

Oetangular 69 


Odours of flowers ( 

different n, 
orders.. 

in connection with 

colour ( 

CRnantht 

Offset : 


. 756 
. 891 

Orhnacea*... 
Ochi'ca 

. 93 ; 

Oeliro 

. 719 

Oetundrous. 


Oetangular. 

. 398 

Octngyiiims, 

. 37 

styk's. 


Oil, eells eputaiuing 20 

Oils, fat.... 814 

, drying ,3X4 

— — , flxe<i 314 


— , in different seeds.... 316 



New Zealand Flax . 

....29, 1076 

Olaeactete 

794 

917 

spinach.... 


Olax family 


303 

Nicker-tree 


Oleaceas 


150 

Nicotlana 


Oleander 




mOEX AKD GLOSSABT 


635 


Paragraph 

Oleastor family 91W 

Olwracttous, esculent, 

OliKmidnnis 3M 

0]ip)syenuous Mfi 

Olive JHl 

Omplialode 

Onaf?racea5 8fiS 

Onion 107(1 

Oolitic Fossils 1187 

Ooplioridium 1112 

Opcrculate 3««, 426, .635 

Oiierculiiiu 1114 

Ophelia Cldnita 941) 

Opbiocaryon 80" 

Ophioglossua*. 1101) 

Opium 750 

Opoponux 891 

Ou^^^. 10!) 

Oradi 987 

Oronii'c 790 

Orange family 795 

Orhiciilar ll» 

Orehidaceai .1060 

Orchidaceous e«)rolla 371) 

Orchil 1121 

Orders, (ielined . 

Organic constituents 218 

til hula r view of 208 

, sources of 212 

Organic elements 208 

Organogeny 4>12 

Organography or Structu- 
ral IJotar ^ 

Organs, appendicular. 57 

onipound 2, 43 

- , elementary I 

-- , essential of the. flower 351 

— , esstfutittl, their fniic- 

tions 488 

— , nutritive 4^1 

- , rei)roductive...43, 323, 388 

Original vegetatiem of the 
(the. 

Omns . 

OrobuiiclmeeaJ l)oi 

Orris-root looo 

Orthoploeeai 001, 751) 1 

Orthosijcrnue 88s 

Ortliotropal 4<W, 5S4 

Orriiutmi^ . 41" 

u^CTorog^, .1170 

Oryza, se.<‘ Iliee 

Osci llatoria i 

Osier is Salix viminalis. 

Osmundefu 1 101) 

Otopteris 1187 

Ourari 947 

Oval 6, 160 

Ovitrv 0 germcn 429, 4Hl 

sions in it 4^»9 

, half-inferior 449 

, inferior or juUnir^t.. 449 

, superior "IMtl 

Ov^l> egg-sh iped . 
wlncfiyrria . . 

Ovular tubes . . 


^Kiending ... 471 

•, coverings of 

development of 403 

, erect 471 

■, forms of 406 


Paragraph 

Ovule, horizontal 471 

— - , inverted 471 

, nuked 401 

, pendulous 471 

, i>OKition in the <>vnTy 471 

, seminude 401 

uis] tended 471 

( )xalate of lime in raidiides 18 

OxuJj(la<*eije 8l'0 

Oxidation in flowers 473 

I Oxlip 975 

■ Oxy 

Oxygen in plants 213 

of 214 

:(»iisntiied b}' flowers, 474 

Oyster-plant *. 959 

Oyster-)»Iaut of America... 918 

Papon iea* 739 

Pagina of leaf 139 

Pala'ontology 1170 

Pjilieozamhr. 1187 

aljcozoic plaiiiB 1180 

Palate 381 

Paleaccou.M, chaffy, covered 
with palea*. 

J^lem of CoinpoKita* 348 

gmsses 1097 

Palm-stem, fomiatiorj of. . . 94 
dichotomous. . . 99 

dircctio 

cular bnlldle^ of 95 

. mode of in- 
crease of 97 

, rings of 98 

Palm of the mhlc 1084 

Palma Cliristi 101 < 

Palmaciles 1189 

Puluia* 1083 

^ llegion of 1155, 1102 

iUiUlk.; .^.r.^jl48 

RfflUfUUmd rr.“fl8 

I’ahuutiiHU’tite, cut nearly 
to the basit In a pjilmate 
intuiner. 

Pahnin I 

paini-oii .rr.r.rwj« | 

PaJ<» de Vuca 1022 

Panax 895 

Puudauiiceie 108^‘ 

Piuidaiiocainmin Il8i 

Pttiiduriform IVt 

Pungiejn 873 

•Ic 333 

funning a pani- 

Pansy ..769 

Papaveracea? .Wfli 

PapHW’ -873 

Pa.payat!eie 87J' 

Paper for drying 1204 

- for Herbarium 1208 

Paper-mulberry 1021 

I’apiliomu'eje 848 

.corolla 379 

ails 5' 

. 36j 

, 1096 

rai'acorolla 384 

Paraguay Tea 935 

Paraphy'ses 1 1 14 

Parasites 252 

j nutrition of 252 

unroots 


I Paragraph 

Parasitic Fungi .a* ' “ 

: , plants 

; Parastemones 384 

i Parcira--brava 747 

I I*arcnchyma 4,6 

I imperfect. . . 12 

1 , perfect 12 

J^netnl. 440 

^HnTCTln . ..1121 

Pariglin 

Pari-piniiate j, 

Paris . ^ 

Pamassieai 770 

Paronychiucea^ 879 

Paropsiea; 876 

Parsley ..... bf " 

Parsnij 

L^m^^ur Parted 146 

IIWlWHnracea* 876 

Passion-flower 876 

Pastilles 932 

Piistimu'a 890 

PatcliouU 9C7 

Patellie 1119 

Patent, spreading.,., , 

Patulous 359 

l»ea 850 

Peiudi 856 

Pear 855 

Pecoiitei'is 1180 

Pectine 303, 564 

Pectinate 51, 147 

Pedal ieie 960 

Tjedatii 148 

Pedicel 326 

Pedicellate 325 

325 

326 

816 

l*ellicle, superflv-ial 4.5 

Pcllltory 1020 

Pellitory of Spain 917 

Peloria 966 

, JVlorization 664 

Pejtyti^ 58, 149, 468 

I’PWWceie 1 000 

Pencil-cedar 1044 

Pendulous ovule 471 

Penninerved, see Feather- 

144 

Penny-royal 967 

Pentagonal, having 5 an- 
gles. 

PciitagoiiHl symmetry .... 648 
Peiitagynons, having 5 dis- 
tinct styles. 

Pcntainenms 648 

Thmtandrous 394 

Pentajietaloiis 376^ 

Pentaphyllous. 36 a' . 

Pentasepuious 361 

551 

ida 551 

Pcpiwr Jf)32 

Pepper-brand J ( 

Pepper-cora f. 7ou 

'‘epperraiiit A. 967 

Pepperu'ort family ..../. .11 11 

Perencliyma of Morren 17 

Perennial 63 *, 713 

Perfoliate 163 

PeiTurations in ejMOi 9 

Perianth .. .v....Tr 352 
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Parapraph Panipraph 

JlUkm smo Physiolo^' or Pliyslolo^i- 

1114 cal Botany I 

Pericladium 158 Phvsoniy cetos 1 l‘iJ{ 

Peiiclwiuw, involucre of Phytoleplias. 1084 

CompositiB. .. PhVto-geographical divl- 

Perideiin aion of tlic globe 11 52 

Peridium, 8iK)re«ca8es of Phyto^geograpliical zones 

aoine Fungi. - ofMoyen 1157 

. .... 8RI Phj'togi'uph.v, the art of 
.1005 de8(;rihiiig phuit& 

390, 4>1P Phytolaccaccie 088 

renocHHIp ill flowering... 489 Phytology, the genei’al 

Pcriphoritail 602 study of plants. 

Periphoranthium, same us Phytons 116, 181, 639 

Pciidiniuin. IMiytotoniy, tlie (U&sectioii 

. 577 of plants. 

587 Phytozoa..... 427,402 


Perisiwe plussuhu 1084 

Peristoinatic Si Picoteo 770 

Peristome 1114 Picrjvna 832 

Peritropoiis 471 Pierotoxin 74': 

Periwinkle 945 IMleorhiza 120 

Pernamlmco-wood 851 TMg-mit, s(‘e Earth-nut 

Persimmon 033 Pilous or cap 1122 

Personate 381 1‘ili 


Pertus, having slits or 
holea 


Pilost*.. .. 
Pilosus. . 


holea Pilosus.. 

Perul® ]8i Pimento or Piinenta .,,,iv867 

Peruvian Bark 903 pjnijKinicl, see Atmgidlfi*' 

, Chern'. 061 Piinpinella 802 

Petaloid 359, 306 Pinacea* HH2 

Petaloidwe lor>4 Pimi-applc 

Petals 368 Piuei-tallo 

, lulhcsion of. fMNiiiiil Pi»u‘ndi.Yma 

, indamorpliosed.. . . .. '383 Pinea 1044 


Petiolavy 160, 201 Pinguicula 

mcritlml 130 iMnitea 1184 


Petiolatu Pink 77 

Petiole Pink-root 041 

, anomalous ^IHns or Pinna 152 

, infiatod PUm^^ 

, sheathing. l.W ^®^^ltcriiatdy .. 

, winged 157 , equally or abru]>tl.y 153 

idea 151 iiiterniptcdly. 153 


Petiolulea 151 iiiterniptcdly... .... 153 

Petiveriea*. 988 unequally 154 

Peueo. JIumiEififL 147 

Phamogamous oj* Plmqefiv ' Wmanpfftite, 147 

gumous 323 Pii)nu]e.s, leaflets in a 


Phanerogamous plants, ar- 
rangment of theirorgaiis tvi8 


doabld« ^ triply pinnate 
leaf. 


Pliiladelphaeea' 865 Piiuis 104+ 

Phlcboidal tissue 37 Piperaecje 1031 


Pliloridzine .300 , 

Phlox family.. . Pistachio 

PhoMiix 1084 Pistada.... 

PhorunthiuTn 326 Pistie., 

Phonniiim 1076 I Pistil . . .. . 


, Uogion of 1155 

Pistachio nut 843 


Phonniiim 1076 Pistil. 350, 421i 

Phragmata 447 •^^ormation of 4;k 


Phycologs", the study of 
sea-vreeda 

Phylla 

Phyllodium 

Phyllogen TO 

Phylloid .T 


, various funus iif. 434 

Piatillai-y cord 438, 460 

368 Pistillate 64fi 

15: PistilliiUa 459, 49^ 

PistilliferouB 388, 64^ 

IST Pita-flax 29, 1071 


Phyllophor. 96 PifRA^n-UMrif una 

Phy'^'oplastic 177 Pitch 

Phjd btaxis J 65) IMteher-plant family . . . 

JL — ^ in Acrogona. . . 176 Pitchers : 1G4 

, in Endogena.. J76 Pith H, 72, 76 

, in Exogens .. . . 176 discoid or dlsdfonn.. 75 


Paritgrnpk 

Pittosporaceiv 823 

438 

how funned 438 

Tlacentaries 4;iH 

*laeentatiun 443 

Malted 185 

Plane, ortenta.1 1036 

Plantaginaceiv {I78 

Plantain • 

Planting trees .Til 8 

Phitaimce:e 1033 

Pleiotraehete 32 

Ploistuccne 1189 

Pleurenchyma 29 

— (functions of 41 

Pleiirisy-root 5*4-3 

Pleuvocarpi 1] 1.5 

Pleiivorhizeaj 601, 7-)5* 

Plicate 185 

Pliocene 

Plum 8-55 

Phimbaginacea* 5>76 

Plumyse. 5)65 

Wtitnnle. .-,00, 593 

ng many 

or eelJa 

Pod 548 

Podetiinn 1119 

l’odocai 3 ». . 

Podogyiiium, sjjnie astiy- 

nopliore 4;)7 

JV)dosiK>rin 462 

Po(b)ste)naceje 1024 

P(»ison-el(ler 843 

J\)ison-ivy 843 

Poison -nut 5)47 

Poisou-oak 843 

1‘oison-snuuieU 843 

Poison-vine 843 

Poisims, tJieir effects 

initabnity 666 

Polarizi ng apparatus J 1 5)7 

Polemoniacea* 952 

Pollard-trees 15)0 

PyUmL 35).5, 402, 421 

application to the 

stigma +5)4 

— , ilevdnpment of.... 421 

y duration of vitality of -500 

, st;attering of ...... 45)6 

Pollen-grains, coverings of 422 

, size and form 

of 424 

, union of.... 421 

Pollen-masses 421 

Pollen-tubes 426 

... ^ extent to 

which they penetrate 504, 512 

, fimetionsof.. 603 

Pollen-utricle . . -- -A 21 

Pollinia /mSi 

Pollinaria 427 

Py1vadebdu|^ . . ':)99 

mysBIBilffT. , 35)4 

Polyi^rpic... . . .MNdyttA 

Polychrolte . . . . ..1066 


, in Exogens .. . . 176 discoid or d 

Physalia 961 excentria.. 

Physic-nu^ 1017 , functions ol 

Pliysiogno?t)5:^of Ve. Pitf»n-hark 


(functions of 109 

Pitrm-hark 903 

Pitted tissue..... 86 


Polycotyledoiioua 598 

Polycinbryony . • 

Polygala(;e<'B .. . , 

Polygamous 389, 648 

Polygonaceoi 

Pdyg^ous, having many 
distmct styles. 
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Paragraph Paragraph 

Polyhedral 4 Pseud o>8pcni)ouR 

PolyiiomU- ....1151 Pteridojrrapliia, a treatise 

Polypetulous 37d, ?I78ffllT9 on Penis. 

Pol'yphylloiifi J15H Ptcris aquilina 105, 1160 

Polypoilitw. 1100 PterocanMis 850 

PolVscpalous J35H Ptcrophyllimi 1187 

Polyspeniious. 546 Pnhescent 60 

Polystenioiums 002 Ihiecoon 756 

Pmne Puehu-iiat, see Patehouli. 

854 l‘ulp in ft'ttits 520 

Poinoffranate 867 J*ulverul«it, covered witli 

Poiiipelnioose 796 tine iwwdery matter. 

Poiidweed family 1092 I^lviiius 156 

Pontederiaeeje 1081' Jhinipkiii 872 

l^ipliir 10^14 1’uiu‘tated woody tissue.... ;t0 

■■'oppy family Punica 867 

Porewort family 774 Purtfinff-imt loli 

Porous cells .. .* 10 Ihirplei 

— — dehiscence 5:16 Purslane 878 

• — vcvsscls 06 J^itatncn 524 

Jhitty-wort 1058 


PoiTcet, extended forwards. 

Portland-di rt-l led 1 187 Pyrenn 

l^n'tliiiul sa^'o 1091 Pyrethruin 917 


Poi-tupal Laurel . 
Portulacjwcsv 


855 I'yiidiiini, s;mie as Pome. 
878 l*]n*ifonn, pear-shais^d. 


J*(istc‘rior, applied to parts 
of Mie tiower... . 

Postiea* 412 

PotJinu!!C 10!>2 

Potasli ill plants 228 

Potash ami soda as man- 

24fi (jnadrifaiious, in four rows. 

]*ol}jto 961 , (Juadritid, l-elett. 

Potato-disease 691 

Potentilleu*. 8.>1 

Pounee I(i44 

Pra-tioration 0.54 

Pvadoliatiou 184 

Praunorse 124 

Pmnnxis 8!»o 

Pix'ssine: plants 1205 

IMckles 57 

Ihiekly Pear 88.0 

PrimiiU' 4(>4 

Priiiionlial 168,590, , 

Primroses. 975 (piillaia-liark.. 

Pi'imulaeea’. 974 t^uiiiu 


PyroleJX' 926 

Pyrus.. 

Pvxidijm^.. . 

. tVA 

(iuadrim^rnlar 69 


(iimdrifureafu 406 

Qnadrijuirate, huNin^ 4 
pail's «»f leatiets. 

QuadrihK’ular. 405, 440 

(Juadri]»artite 062 

(iuartine 4c;4, 469 

(pi.issia 802 

Quttteruatc 154 

Quercitron 1007 

Queivus 1007 

Quiek-j;ra.ss lOOl 

tpiillaiea* 854 


IK).*} 


985 


Quiiiute. 154 

Quince. 855 

t^uincuncial 0-55 

(^uinctinx 17C 

Quiiioa 987 

QuiJiquaiiiLailar 69 

Quinquetid 148, 062 

Quiiiquelocnlar. 440 

(piimiiiciiervis, liaxin^ ' 
ribs jiroeecdin/; from the 
haw. 

QiiiTiquepartitc 062 

Quintine 464 I 


Prince's feather. 

Prismatical 5 

Prismeiicliyma 5 

Privet .■ 94 

Procumbent 66 

Products of plants. 000 

Pro;rressloii of sup, cause of 266 

Proliterous leaves. I9tl 

plants. 601 

Ih’one, ])rostrate^ l.vin;? Hat 
on tlu^ earth. 

Pi'OpaK'uluin 191 

l^ropei’-vessels 08 

Prosenchyma. . 

Proteacea* 997 

Proteine 010 

Pi'otocoecus H29 

Protoplasm 14 Itaces 705 

l^minuse, frosted, having; 102, 025, /lOl 

the apiieuraiiee. of con- BSonRe . 911 

lGCe.d(Ml drops of dew. Iludfatiforni 911 

A^riuiin^ ti-ecs 118 Kadiatiii^ 5 

Pnmus 855 | 61, 168 

Prurient, causing? itching. exiTctions 102 

Pseudo-bull) 70 Kudicle 590, 592 

Pseudo-moncK'utyledunous. 598 ^u|iL. 005 

Pseudo-purusitic 1109 IroRRh., 762 


k*, iloweriiig in 


300 


Paragraph 

Rafflesia fc...J103 

Kafflesiutaw 

liHTiml 168 

Ihinicnta 57 

Uameutacc.ous 57 

Riiinpion 922 

Ranine of Vegetation, hori- 
zontal 1153 

'ertical..ll58 

Raimuculucea* 708 

Rape 762 

' ■ 467, 588 

lean cells. 18 

18 
855 

Ratafia.. ' lj§5 

Rattans 

Rattuons 004 

RAvenala 1064 

Rays, medullary 89 

.of tiower.... 326, 028 
of st^cretioll.. . . 20 

RecUnate 1«5 

Reetembrya- 960 

Rectine.rvis or Recti venins, 
stvaiiLdit-vcined. 

Red-snow plant 1129 

lie-duidicate 

Reirnui 554 

Reindeer moss 1121 

Reliquim, remsdns of with- 
ered leaxcis attached to 
the plant. 

... 150 

^nivinjr a slU;htly 
wavy margin. 

Repluni .....’ 447, 534 

Reproduction in Crypto- 

giunoUsi^ants 

in rhanerogumom 

plants 494 

Re]n’ 0 (iuctive organs 40 

Uesedacea 

Reservoirs of oil 20 

Resinous luutiers. 20 

Jiesius 018 

Respiration of ])l.nits 282 

Restiacea* 1090 

llesupimite, invcrtetl by a 
txvisting of tJic stalk. 

Retc. of Noiirse 678 

Reticulated cells 11 

- xTSsels 3.5 

Reticulum 57, 158 

Retiiuuada 421 

Ketiiiervis or Retivenius, 
having ixdiculated veins. 

Retractile hairs. 59 

Rctrovse, tnnied back- 

Retiise ^ 

185 

Rhatniiacea* . . 

Rliiitiiny 

Itheuin 

Rhinanthidejc 


991 
840 
..... 770 
...J 99 J 

...£ 9fi4 

Rhizantheie ^.1102 , 

Khizunths 252 

Ithi/oliolaci^a; f . . . 808 

Uhi/.oeuipeie IIIJ 

Khizogens 64 

- |. 70 

’ 809 
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Paragraph . 

Rhododendron 927 < 

Rhododendrons, Region 
Rhoinhoid, oval, hut slightly 
angular about tlie middle. 

Rhubarb > 991 

Rhus K49 

Rib, costa 144 

Rib-wort family 97H 

Riccie® 1117 

Rice. 1W)8 

Rice paper 8, 8.'»2 

Rice paper plant 

Rictus. 

Riga-bidsam... 

3(12, 381 

... ITg of fruit. r>fi8 

Rocambole 1970 

Boccella, 1121 

Rockplanta It3i' 

Rock-Rose family.. 

Root ..i.wv. 

, abnormal 121 

— . — of A cotyledons., 

Acrogens... 12fi 

, adventitious 121 

at^rial 121 

of Dicotyledons or 

Kxogena 126 

cxiTctions from 132 

.fleshy 131 

, fonns (jf 124 

, functions of 129 

— , mode of increi 

, subtemtnean . 

structure of 120 

of Monocotylcd* 

Endngeiis. 127 

> young. 119 

Root - like processes of 

Ivy 122 

Root-parasi tes 2.‘52, 963 

Root- stock 70 

Rosaccic 8;i4 

Rosac’eons corolbi. 378 

Rose 8.W 

Rosc-apjOc 867 

Rosemary .'. 967 

Rose of .fericli 

RoseAVOod WO 

Rostellum 421 

Rostrate, see Bealicd. 

Rotate 380 

Rotation of < 

Rotation in (Hills. 

, velocity of the 

cu mints 280 

ause of 281 

Rough, see Scahroua 

Rounded, roturidatus. 150 

«tfbia »0e 

Ruhiaceai 

Rue . ^ 

Ruellia d71 

Rugose, coarsely wTinkled, 

Runihx 991 

Rv.ir.%)atrid f>89 

RunclK-ite 147 

Rumieiv- 191 

Rupturirg 536 

Rush Family 1082 

Rust 696 

Rutaceffit . Tfek-. 


Rye. 






Paragraph I 

Sabartllla \m\ 

Sac of the embryo 464, 677 

Saccate 373 

Sack-tree 1022 

Safflower 9161 

Saffron 1066 

Sagapenum 891 

Sn.g(i 9(i7 

Sagittate 160, 374 

Sago . 

-, false .y. 1046 

, Portland 302, 1091 

Sago-palm 1084 

Siiiiitfoin 850 

St. Ignatius’s Iwiiui 94» 

St John’s bread 8.51 

St JohnVwort family 797 

Salop 1058 

Salicine 309, 1034 

Salicinea* ..1033 

Saline Plants 1139 

Salyiglosside® 964 

Salsafv 918 

Salva<5ovn 

Salver-shaped 380 

Salvia 967 

i^rniyjjl 542 

Sarnbueeaj , 

Sain]»h{r(‘ . 

Suinydacese 

Sand-i»lnnts.. 

Saiidal-vvood 1007 

SaiidurHcli 1044 

SiinUbox-free 1016 

SanguisoTl KiH* 8.54 

Santalacea; 1(M).5 

Sap, 

Its 

position 260 

-, course by Avhich it 

‘ludc 

•cn<Ul^^ 

- ^ hciglit to wlilcli it 

aawnds 274 

Sai»-wood , 

SajnTidsM’CJV. 806 

Saponinc 7'“ 

SupotacejB 936 

Sai)panTWO(Kl 851 

S^bdffttt 937 

Sapiicaya nut is flic pv 
dace of a sjiecics of Ixi- 
cythiH. 

SarcimiJa 1 

,Snrcocari> 

Surcocol 1 000 

Sarcodenn 578 

Sarcospt 

Sargiissum. 

Sanncntuin 

SaTTuccniacea* 754 

Sarsapaiillii 1062 

Sarza " 

Sassafras 

Satin-wuml 812 

Saururacese 1030 

Savin 

Savour)' .... 

Savoys 

Saxlfragaccn* 

Saxifrage Region of . . 


Paragraph 

Scubrous 58 

Scaivole® 920 

ScBlarifonii cells 11 

vessels 36, 104 

Scales 57, 346 

Scamraony 956 

, adnltei'atioTis of... . . 943 

Scandent 66 

.Scape . 

Sear. 

ScurioiiH, membranous, dry 
and shrivelled. 

Scarlet runner. 8-60 

Scepace® 1014 

Schimis 843 

S(ili]ciden on Cytogenesis... 22 
Schouw’sPhyto-geogrnphi- 

C!il Regions 11.55 

Schultz, view of Latex .... 41 

Scilla or Squilla 

SciUea* 1075 

Scillitina lOJIi 

Scimitar-shaped ibo 

Scion -569, 573 

Sc.itamineffi 1059 

Sclerautbeai 879 

S(*l(‘rogen 16 

Scobifonn, like fine saAA'-dnst 
Senbina. tlnsflexuose rachis 
of gi'asses. 

Scoiqnoidnl 3-10 

Seorzonera 918 

ScotcJi Fir 1044 

'otch Thistle. 916 

Screw-pine..^ 121, 1089 

SeniAv-tree is T-lelictcrcs. 
Scvobiculate. pitfrd, haAing 
little d(‘pr 

Scrf»]»luihiriaeea* 964 

Sciiif 57 

Snm'.v -grass 762 

Scytliian Lamb 1110 

i-lmcktliorn 999 

Sca-kah'... 

Sea-sidc-grape. 991 

Sca-]>ink 977 

St'a-weeds 1127 

Sea-wra(ik 1128 

Sc.bcstcn plums. 9-57 

Secretions of pliinls 300 

, rcce-idacles of... 20 

Siicurnl, arranged on one 
sifle only. 

Secundine 464 

Sedge, Family 1095 

SedUTii 880 

Sc(ids . 

, f(»niis (»f. . 

, fimctio))s of 606 

, integuments of 577 

, lobes of 686 

, position in the ovjiry 585 

, sowing of 611 

, ■li8seiuinati(ni of 606 

, matui’atirm of 605 

— , mode of prcsej'ving.. 618 

- - — , mode of transmission 1210 

, vitality of. 617 

Selagincie 968 

Sciagiiiaijtes 1181 

Semi-ahutropal 467 

Semiflosciilous 911 

Seminal leaves 599 

lobes 699 
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SeiTiinuflc 570 Sfiap-lujrrips tUfT 

SumiHirvivra; K80 Soap-wort family 80fj 

Si'iniKjrvivimi 88(1 Soboles 70 

Scnir^a 770 S^x'ial plants 1144 

Sriiiia 8r>l SckIu in plants 208 


Sensitive plants OS!), 80i Soils 233 

Sepals .‘mS , asntfeetiiijf tliertistri- 

udliesioii of. . laition <if plan! s 1130 

forms of. , rtMiiiired t<>r different 

Septate 42 pl.ints 230 

Septenifid 148 Sola 

Septenate I“>4 | Solania 

ScjdjUj^yiiL. . S<jlidaj?os, iJefrion of I15«' 

septiTrinral Solonion’s-seal i.s OonvtU- 

Septiiiata* laiia. 

Septum 408, 430 Solubility 530 

Sericeous (J(» So«)runjee 005 

Serpeiitaiia 1010 S<iot as a nianiin* 24(> 


Serpeiitaiia 

P 02 , 13 


140 

10 , 325 , 370 


Setaceous 

Setjv 57 . -150 

Setose 57 Sorrel 901 

SCNCS of plants 480 Soiuiri outs 808 

mil system 715 Siiur-^;our<U same' us Ha* 

Sluuliioeiv 700 liab. 

SImllon 027 Sour-si>p 745 

Shallot 1070 Soff«h#ff-\iood 017 

Shamrock 821 . S 50 Suw-l»rea(l 075 

Sheath of leaf 130 334 

She-oak .>1035 ^P^Bi-hr<Mim,isSpartnnn 

Shleld-like , junceu 

Shrubs (»H, 713 Suay^spalbe 3 t 0 

Sidesaildle-flim’Wrtr. . r.r.’ '"'fJH i Spatbiilate 150 

Si^illaria iirvi i nianvii 


;dia, (tonidia tireakiu' 
tbroii;;:!! the thallus of 

Jacheiis .1110 

Sori .. . .^, 11 ^ 


57 . -150 I Sor 
. . . 57 I Sorrel.., 


JParai/raph 

Sporidiura 591 

S]ioroeai*]) 1127 

Sporophures 1122 

Sporule, see Spore. , 

Spruces 

Spur, ealear 973 

Spuriicc family 1014 

Sjmrjre-lanrel 1002 

Spurious traebca' 35 

Spuned 308 

S<(uama! 346 

Stiuumash 1076 

Squamube 1097 

Sipiarc cells 

S(jiiarrose, covered 
prtK'.essfK spreading at 
rigid angles orin a gi'eat- ’ 
er degree. 

Scpiash 872 

Squill 1076 

Squirting cucumber 872 

Staekhotnd.'u^ea; 836 

Stalk of leaf 139 

Szameiia 350, 390 

®i^^iWnite 394 

, indefinite 34 

, number of 399 

, parts of 395 

, relation to tb<‘ petals. 893 

, structure and fonn. . . 391 

in thyptogamie plants 427 

Staminal 649 

Staminidla. same as An- 
tlieridia. 

Stain iniferoiis 388 

Staminodiuin .. -IliLfisil 


Sileneje 77S Spearmint 9(>7 

Silica in plants 220 Species, meaning of the 

- - in epidi'rmi'' 40 tenn 

- ill the soil 235 - - , iloubts as to their 

SStfuSS!:. .. ,5:J4, 555 , transnmtation of .. .. 707 

V.sl Specimens for Herbarium.. 1202 

Sili(|U( 70(1 I Syyjmod|ajjm 

(H4 I SiduPrcnehyina.. 

Sib er-graiii Sidneria n2(> 

SimarulMcc:) / eiiopli> llimi 1180, 1187 

i .Sphciiopieris .1180 

Siiiaiiisiii 702 | Spheroidal 5 


Sissoo 850 

Skirret S!)o 

Skuiik-Cabha}., 

Slashed, sec Laciiiiated. 

SIct'p of iihmts 05S 

Slipper-like 38| 

Sloe 87)5 

Siuilacea’- 1051 

lilacin P 

Smut 091 

Siiiut-biills 093 

Smike-nut-trce 807 

Snake-root 773 

, Virginian 1010 

Siifike-Avooil 1>47, 1022 

Snowball-tree is Vihunnuii 
Opulus. 

Sno\v>«*ny 

Snow-droj), sec t.lahintffl^*^’ 

Siiow-drop-ticc 932 

Snowflake is Leueojum. 
Snow-liue 1137 


S].i 

Spikcin 

S]>ikc-oil i 

Spillage or Spinach 5 

Si)indlc-shaia*d, sec Fiisi- 
fonn. 

Spindlc-trec t 

Spi 

, Spineea* ^ 

Spiral colls II, 4 

vessels 32, 

Spiral cycles described by 

leaves 1 

Spiral’ reniation 1 

Spiroidea 

Spirolobcte 7 

Spougclets. 1 


^^angia.. 
SpOife.. .... I 


I Stapelia 943 

Stii])c.lift*, Region of 1 155 

Stapbyleaccai 839 ^ 

Star-anise 743 

Star-like, sec Steikitc. 

Starch-grains 17 

Starch in plants 301 

— clningcd to sugar, 309, 477 

Stareh-sngar 307 

Staticea* 976 

Statistics of vegetation .... 1 151 

Stavcsjiere 740 

Stcciiiiig se(*ds 248 

Stellata\ 902 

Stellate 5, 57, 380 

Stem, forms of 69 

, acn>gciious or acoty- 

Iciiitnous 71 

-- , aerial 70 

— , endogenous or niono- 

eotyledohous 71 

— -, exogenous or dicoty- 

j Icdnnous 71, 1C 

.‘tioiis of different 

, internal stinaeture of.. 71 

, size of .108 

, suhterrtincaii J 70 

Steinless 

Stercul hicoa; 

Stcrigmata #..1122 

Sterile flowers f . .. 649 

Stenihergia " ... 1184 

Stigma ^..429, 4:33 


/ 
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Paragraph 

62 

Stipe tid, 1(12 

Sttpels 161 

62, aafi, 437 

158 

St^es 139, 15S 

Stock m 

Stole, a sucker, at first 
aerial, and then turning 
downwards and routing. 
Stoloniferoos, having eree]i- 
ing runners which I'uut 
at the joiiita 

50 

levelopment of. ... 65 

: — \ fonns of 64 

, fimctions of (»4 

in Kquisetum 1107 

ill leaves 136 

, niuuber in wiiuirc 

inch of surface 66 

Stonecrop 880 

: Stone-pine is Finns Pinea 

Storax 

liquid 

Stramonium 961 

Strangulated, contracted 
and expanded iiTegulurly. 

Strapshaped 382 

Stratioteae 1055 

Strawberry 855 

Strawberry-tree: 927 

Strigose, covered with stiff | 
haira 

StroblUtes 1181 

334, 559 

582 

Strophioles 582 

Stnima 156 

Strumose 398 

Strychnea; 946 

Strychnia 947 

Sti*ychnos 947 

Stuposc 60, 398 

Style 429, 432 

f forms of 453 

, situation of 451 

Style and stigma, iriita- 

hllity ot 665 

Style-wort family 921 

Stylidiaceffi 921 

Stylqpodium 888 

St^elleas 929 

StvracaeesB. 931 

Subclasses defined 710 

Suberic acid. 316 

Suberons layer. 85 i 

Subgennfs defined 708 I 

Suborders, defined 709 ' 

Subterranean plants 1139 

stem 70 

Subulate 

Sucker, see Surcnilua 

Suckers in Dodder 122 

Succory..; 918 

Suinutex 68 

Sp^-j^icosc 68 

»ugaT\ 

, . "om Beet 306 

, Vniiort of 305, 1099 

, from the ihaple . . .. ; 

Sugar-tmtti 

Sagar-ctciivbis. f ..1099 

Sugar-maplo.7Si«^;;^. . . 805 


Paragraph 

Snlplinr OS a manure 246 

Sulpliuretted hydrogen, 

effect on planta 296 

Sulphurous acid gas, cft’ect 

on planta 294 

Smmicli 843 

Sninutra-Cumphor family. . 789 

Sundew-family: 770 

Suiifiower 917 

Sim-llemp. 782 

itonecL|y|i upplicMl to .the 

Die flower 357 

SuiKirvolutc*. 185 

Suiiiij*ession of organa i>-17 

Suprjoiccomponiid 152 

SurciiJus, a sucker proceed- 
ing from the neck of a 
plant, and afterwards 
rooting, as in tlie Uosc. 

Suspended ovule 471 

Suspensor 463, 504, 514 

532 

Swallow ’s-nest, edible .. ..1130 

Sweet-almond 855 

Sweet-bay 994 

Sweet-Iiriar is Koaa rubi- 
ginosa. 

Swect-cano 1100 

Swcct-casaava .1018 

Sweet-fern 

Sweet-flag 

Sweet-pea is Lathy ms 

odoratus. - 

Sweet-potato .TsSR 

Sweet-sop 745 

Sweet-william la Diaiitlms 
barbatus. 

Sword-shaiKid, see Ensiforra, 

Sy»*amine of Sciiptnrc 1021 

Sycamore 805 

-of Scripture 1021 

Sy conus 558 

Symbols 713 

Symmetiical UTO 

Symmetry of organs 643 

Syinploceie 931 

Synantlienc 910 

Syiiantherous 417 

Synuptaso 310 

4;15, 5JJ8, 549 

911 

- - 

Synochreate .TTTJO 

Synonyme.8 713 

Syringa 8<>5 

Systems of classification.. . . 703 

, artificial 716 

, natural - ^19 

Tabasheer 226 

Tabular cclh 

Taeamahac 799, 845, 1034 

Taguu, a namefor the Ivory 
Ptdin. 

Tallow-tree. 799, 1017 

Tumaricacesc 775 

Tamarind 851 

Tamarisk family 776 

Tanghlu 946 

Tangle . 

Tansy .. . 

Taphrenchyma . . 

Tapioca 302, 1018 


Paragraph 

Tap-root 124 

Taraxucine 918 

Taraxiumm 918 

Tarragon 917 

Tartarian Lamb i LIO 

Taxineie 1043 

Taxonomy 703 

Tea plants 

of Paraguay 935 

Teak, African 1018 

, Indian 9(59 

Teazel 9i)S 

Teel seeds 951 

182 

of plants (5(57 

, effects of 1135 

, as regards altitude 1137 

, — — latitude 113(» 

Tendril .^57, 201 

Teratology 

Tcr|^ round and long Iikp 

Tercine 464, 469 

I’ergemiiuite, 3-paired. 

Terminalleic 8(52 

Terminology or Tcrinouo- 

logy 70 4 

Teniatc 151 

'remstrocmiac’eai 792 

Tertiary fossils. 1189 

Test-olijects. 119 

- , 578 

’uhite root, having 
two oblong tiiberculcs. 

419 

ffmctiy .... (543 

Tetra'gonieie * 881 

Tetragynous, having four 
distinct stylos. 

Tetranierous (I-Pl 

'retrainlrons -‘I'.) I 

Tetrapctaloiis , 

Tetra4>t crons, 4-winge.d.^^^ 
Tetraseiialous, liaving foffr 
sepals. 

Tetrasporc 591 

Tetrathccal 405 

mdainns. 329, 350 

Thalamittorai 390, 737 

TImllogeine 1118 

Thallogens.. ' 

Thallopliyta. 

Tliallopbytes 65 

Thallus 65 

Theca: 459 

l'lieca])hore 4547 

Thcinc 7954, 95)5 

Theobromine. 786 

Thistle 916 

Thorn 2(K) 

Thom-applo 961 

Thrift 977 

Throat of corolla 5477 

Tlmnhergicaj 970 

Thus 1044 

Thuya .•...1044 

Thuyites 117:; 

Thyme. 967 

Thymclaiaccic lOOl 

Thviu^^ 333 

ITpas. 

Tigellary inerithol 139 

llgclle 590, 593 

TlUaceae 787 



immi Am Q]uoQBAm. 


THiC8B .787 

Tillaiidsia 

Tissue, cellular r 4 

, fibro-ceUular 11 

, libro-v«sciil!)v 31 

, lijfncouA SW 

, phJeboidal 37 

, pitted 3« 

vascular 2H 

vasiform . 

, woody 30 

'J'issucs, vfifcjtabk* I 

, aiTaiifjeineiit of. 42 

Tobacco Ofil 

ToinaT.(» 901 

'I’oraciitose 00 

TonicutuTii OO 

ToTikii-lieaii 8S0 

'I oothacl I 8! 

Tootlnvori 975" 

Top-sliaiK?d, SOI* Turbinate. 

I'onncntil 

Tortoise pUmt lOflO 

Torulosc, roniKtiind uneven 
)n the surliiL 


'IVi:c Icoileudrou H43 

TvMehea; 31 

-- closed 3t 

. lalse OO 

, spu 

'hMclntnchyma 31 

'riiulcseaiuia 

. rotation in 27t< 

TraKaciUith *SfMJ 

TYanspiratlon 203 

'rranspoitatioji of iilants in 

fljiso eases 298 

Triveller’s joy is Clcrnatis 
Vitalba. 

Tnv-bciird 1074 

Trec-lerns, Region oi' H(i2 

st r iirtnrc of st i •/ n s. . H *2 

. slcm, di<liotonions Rl 

Tr.'c-lilv lOdO 

Tnv-nettlc io2(i 

Trees, (leiiiieu OS 

, af;es ol.. 

Trefoil.. 

I’reniamlvaeea? 774 

TriadelpiMH 

'ITianflrims 394 

'ITiinmilar 09 

Tiibe.s, defiiKjd 709 

Tiibuleo?. 

'rricliotonious 3 hs. 

TYicoecous <>33 

Tiicostate, 3-ril)bc(l. 
Ti*ieiispi»late, haviiip 3 points. 
Tridentate, hfmiiff 3 teeth. 

Trientnhs 976 

Trifarioiis in 3 rows. 

Trifirl 148, 3(J2 

Trifoliate or Tiifoliolatc, 3 
leafl(‘ts from the same 
point. 

Trigonal sjonmetry 643 

Trigonocarpum *1184 

Trigonous. 69 

Trigynous, having 3 
Trijugate, having 3 
of Icafleta 

Trilocolar 440 


Trilliacee im 

Trimerons 643 

Trinervis, 8 ribs profieoding 
from the base. [ 

Trinomic 1151 1 

Tripartite. :162 

Tripe do Itoche 1121 

Tripetalooa 375 

Triptnnaie 152 

Tiipimialilid 147 

Triplet iiiiliW' 

Triplicosbite, 3 i4hs pKij^tMilf 
ccedhig from above the -■ 
hast} of the leaf 
Tiipterous, 3-winged. 

Tri((Uuti*ous 69 

Trisepalous. 36J 

Tristichons.. 170 

Tritcrnate 164 

Trivial name 708 

TropawilaceaJ 822 

Trupho-sperm 462 

Tniftle 1124 

1'iainjpec-woou .102? 

.150, 362 
65 1 

Ti-yina 545' 

r 70,193 

(lular 125 

Tuhereules 131 

Tuberose. J07f 

TtSSS^... 380 

Tutnditlone 913. 9J4 

TuUpea; 107' 

tlip-tive 713 

Tunicarctl bulb J91 

'inrbiimte 36? 

193 

TWBIeric 1060 

Tumevacem S77 

Turnip 762 

'j’urnip-shaped, see Napi- 
ftjnn. 

TiirnsoU* 1018 , 

Tunicatuie. 

‘ — , Chian 84^1 

'fn*. 

'IV-'^sibifro 917 

Ttitsan tiunily 797 

'i'wisWul vemidion IbtJ, 3.54 

- ' .low 

rUnacca; J019 

Uhnine 234 

Tni»fleudron U8l 

Uha lino 

Uinari 850 

886 

fersB 888 

— — , Region of ...1166 

UmbeUuIc , 

llmhilical cord. 7 462 

58S.| 

, round, witli a 
projecting point in the 
centre, like the boss of 
an ancient shield: 
Umbractdiform, shaped 
like an expanded tun- 
hrella. 


1l|idi;dat(id». 

Unequal... ;«. ] 

Uneqmdlyidimate..'...... | 

Ungnictilato....;.««* | 

plant . 

UnijQOstato .. 

Unli^te,' havi^* Ha aM: 


UndeiBhrul) . 


Unilahlate, having onalj^^^* 

Unilateral ' 

Unilocular 406, 440, 62B 

Uulpetalous 1 .. 33V- 

Unisexual 3^648 

Univulvular 880.. 

Unllniiig 39\ 

Unsyinmetiical 879^. 

Upas An liar 

UpasTteute 

Urcoolate 38$,'' 

Urglnea 1076 : 

Urn-shaped 380*. 

Urticaeese^ i.lOtd; 

Ushilate, blackened. 

— i^.'fditaiaTy '-0041^ 

primordial ..... 14 

irt»-i«ilarla..... 978 

IJva W 

Uvulariem .•p.lSjfff 

Vaeciriia<*eie * * 

Vag^MuTltlml 189, 16f^ 

vTOnma... 1114' 

Vafciian 007 

V nlciia u, Crt'eek • * .j 9^ 

VauniaUiicea! ...... 

Vttllecnhe --H- 5S^' 

Vahisneria 

rotation fe' its. J 

Vallisncrioo!! vl055 

Valoniu...'. 1083t 

Variegation 6t9' 

Varieties, delin«wl ...... 

Varnishes 843 

bundles in A'd^ 

inEndQgmtaTW ■ 

in Rxogisna...^, 

— ftinction4^j4M| 

• indfifinlt«!.iK^^ 

[dmulta^ ' ^ 

ous. ..>.4 103 • 

Vascular tissn|!» ^ 

Vusculum ^ .^rilSOS 

Vatdfocm tlsstto 86 

Vegetable Ivory,. ..... . ...1084 

Vegetalilo marrow 872 

Veg]eta^n, ^i^|^c»^^^» • * ^i.lior 

ofMeyen....* .1189' 

, liOTlaontBl range ' 

. vertical lange jfiu 

Veinless..' i X 141 

Velnleta 1. 141 

2^hiao(]^aI .Ir,. 141 







oi the 
'GT'* &>••• M *•'***■*•■• ' 350 



610 
9 

Oy^:: ;;;.... ...887 

_aodsV<;i».. fSS 

85 

•^;heacbdi.......«. 37 

-^:^e?ilqnihent of.. 39 

86 

laa^r!(ras....r. 88 
' of 

nbnilifolin.., .7.''^^87- 
xi8dklacc>like.... ' 37 

porous 36 

86 

It..'.'. .•.•«•..•■ 35f5 

. 879 
751 
07 
60 
814 
.768 




4 ‘ J\tnvrap^ 

VifglxSfiSSie^^t . ! ! ^ . 1010 
Vis a £^n«» m the drcula- 
,i ttOQ 269 
Vta a tergd In the circular 

tion 26!) 

Viscous, clammy, like Bird . 
lime. 

Viscnm 899 

3^!wee89 813 

— “ 680 

20 

. _ laceso 780 

Vlttpai^ plants. o;n 

VcKmyaiacesB soi 

Wtjda 1187 

VolnhUa;. oo 

Volva 1122 

WakC^fiobin. 10!)l 

Wall^'trm* 702 

Walnut...-..- 1030 

Ward’s portahle conserva- 
tories 297 

Warty glanda 

Water-hean family... 

Water><eheBtnut ..... 

Water-creas is Nasturtiu m 

o69dnale. IMIH 

Water-flannel . .^1129 1 

Water-hemlock 893 

Water-Uly. 750 

Water-melon 872 

Water-net 1129 

Water-pepper &mOy 777 

Waiter-plantuin 1080 

Water-shield family. 740 

Waved... 6 

Wax, vegetable 

Wax-flower. 943 I 

Wax-myrtle ..1036 

Wax-palm. 1084 

Waxy matter in epider- 
mis 40 

Way-bred 070 

Wealden fossila U87 

Wedge-aliapefl 160 

Woemg Willow 1034 

WethcrelUa. 1189 

Wheat ,.1142 

Whcol-^hap^d, see Rotate. 

White -wBod... 78 

WhorWi-. i. 169 

WhdrledL..' 350 

Whortleberry............. 938 

Willow, .,^....1034 

Winged fruit 992 


Paragraph- 

Wings 379 

WlptaresQ 742 

sherry 001, 

Wirircrgrcen 020 

Winter's hark 743 

Witch-hazel family 887 

Wood, formation ol‘. Ill 

Woodbine, same as Honey- 
suckle. 

Woodruff 005 

Wood-sorrel 821 

Woody-fihre 20 

in the hark.. S3 

Woody layers 77 

Woody masses, anomalous. 1 !:; 
Woody stems, peculiar Bra- 
zilian !)0 

Woody tissue, glaii<lular, . . ">0 

, ])uiu‘tafe<i.. 30 

Wood}" Avedges In pepper, . !)0 

Woolly (iO 

Woorali, or Wourali 0-17 

Worraseed JM7 

WoniiAAood 017 

Wyeli-Elm is IJluius nion- 
taua. 

Xanthic scries of colours. . 670 

Xantliophylh^ 675 

Xanthorrhuja 107(» 

Xauthoxylaeea' 82o 

Xyridacca* 1081 

Yam 1050 

Ycav lOM 

Yueea 107». 

Zabucajo nuts are. the ]iro- 
duce of Leeytiiis /.dai- 
cajo. 


Zamia 

..1046 

Zamiostvoluis 

..1187 

Zamites 

..1187 

Zantboxv lacea' 

.. S20 

Zebra-pi ant 

..1062 

Zeb)*a-wood 

.. .816 

Zingiberaecw 

..1050 

— Begum oil. 

..1155 

Zizyplms 

.. 841 

Zones of Avood 

.. 77 

in Exogens 

,. 7:» 

Zones of vegetation 

..lloh 


Zoocarps, same as Zoo- 
sporea 

Zoosperms, same as Zoo- 
EQ^ores. 

Zoospores. 2fM 

Zygophyllacco: .S35 
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